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Total travel on all rural roads in 1952 

broke all records, exceeding the 1951 pre- 

vious high by more than 6 percent. On the 

361,000 miles of main rural roads in the 

United States, travel in 1952 was a little more 

than 203 billion vehicle-miles, of which 77 

percent was by passenger cars, 1 percent 

4 by buses, and 22 percent by freight-carrying 

_ vehicles. 

Trucks and combinations hauled 3 percent 

_more ton-mileage of freight on main rural 

roads in 1952 than in 1951. Single-unit 

truck travel was 11 percent higher than in 

1951 while that of combinations increased 

only 2 percent. The average carried load for 

all trucks and combinations in 1952 de- 

creased slightly. 

In 1952 over 5 percent of all trucks and 

combinations exceeded a State legal weight 

limit, and more than 15 percent of the com- 

binations were illegally overloaded in some 

particular. In comparison with 1951 the per- 

_ centage of overweight vehicles for 1952 re- 

mained the same in the West South Central 

States, and increased in all other regions ex- 

cept Middle Atlantic, East North Central, and 

West North Central States. 

URAL MOTOR VEHICLE TRAVEL broke 

all previous records in 1952 for the seventh 

"consecutive year. The estimated 1952 traffic on all 

_ rural roads was about 6 percent above the 1951 

total, 18 percent above 1950, 28 percent above 

1949, 40 percent above 1948, 49 percent above 

1947, and 63 percent above 1946. Data collected 

from January through August in 1953 indicate 

that travel on all rural roads in 1953 will continue 

the same general trend and will be almost 5 per- 

cent higher than in 1952. 

The variation in average daily travel on rural 

roads by months in the three main geographic 

divisions 1 and in the United States as a whole is 

illustrated in figure 1 for the years 1951, 1952, and 

the first 8 months of 1953. Travel in each month 

of these years in the Central region and in the 

United States as a whole was well above that 

of the corresponding month of the earlier year. 

The Eastern regions showed only a slight gain in 

September 1952 compared to 1951, but a fairly 

1 The States comprising each census region and the 
- regions comprising each geographic division are indi- 

as ae = 

cost 

RY 

cated in table 1. 
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Figure 1.—Travel on all rural roads in 1951, 1952, and in 
the first 8 months of 1953. 

steady gain in all other months. The Western 

regions showed only slight gains in travel in 

January, February, March, October, and Novem- 

ber of 1952 compared to that in the same months 

of the previous year and fairly steady gains in all 

other months. 
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Approximately the same rate of increase in 1953 

over 1952 is indicated by data collected in the 

first portion of the current year. The partial 1953 

information indicated an increase of over 5 per- 

cent in the Eastern region and slightly less than 5 

percent in the Central and Western States. The 

largest indicated increase over 1952 in any census 

region was 10 percent in New England and the 

smallest was 2 percent in the West South Cen- 

tral region. 7 

Summer travel constituted a smaller portion 

of the annual travel in 1952 than in any recent 

year. In the last two prewar years (1940 and 

1941), the average daily traffic in July and August 

was 23 percent above the average traffic of the 

year. Not until 1949 did the summer travel reach 

the prewar ratio. In 1950 the average daily sum- 

mer travel was over 24 percent above the annual 

average daily amount, but this figure slumped to 

22 percent in the 195] summer season and to 

21 percent in 1952. 

Figure 2, showing travel on all rural roads by 

12-month periods ending each month (moving 

average) and as a percentage of that in the 

calendar year 1941, gives an accurate picture of the 

effect of wartime restrictions and the steady 

traffic growth that has occurred since the end of 

hostilities in the summer of 1945. The increase in 

trafic from the end of 1946 to the present has 

averaged slightly more than 8 percent compounded 

annually. From these data it is apparent that 

the general pattern of traffic growth is being main- 

VEHICLE-MILES OF TRAVEL ON 

ALL RURAL ROADS BY I2-MONTH 

PERIODS ENDING EACH MONTH 

tained but with some slackening in the rate be- 

ginning in 1952. 

The lower portion of figure 2, showing the 

relation of travel by 12-month periods in each of 

the main geographical regions of the United 

States to that in the calendar year 1941, shows 

clearly how much travel was shifted westward 

during the war period, 1942 to 1946. The spread 

between the curves for the three regions remained 

fairly constant during 1947 and 1948, was reduced 

slightly during 1949 and 1950, and was sharply 

reduced in the first three months of 1952. In the 

latter portion of 1952, and the portion of 1953 

shown, travel in the Western States seems to be 

resuming its position in relation to that in the 

Central and Eastern States. 

1952 Summer Loadometer Survey 

The check survey in the summer of 1952 was 

conducted in all respects like those of 1942 to 

1951, inclusive. The manner of collecting and 

analyzing the data in conjunction’ with that ob- 

tained in previous years has been completely de- 

scribed previously. 2 The 1952 survey period, num- 

ber of stations operated, number of vehicles 

counted, and the number of trucks and _ truck 

combinations weighed are shown for each State 

in table 1. 

2 See previous annual articles on traffic in PUBLIC 
Roaps: vol. 27, No. 6; vol. 26, Nos. 5 and 11; vol. 25, 
Nos. 3, 7, and 12; vol. 24, No. 10; and vol. 23, No. 9. 

Figure 3 shows in chart form the vehicle-| 

mileage of travel on all rural roads, by vehicle 

types, for each year from 1936 to 1952 inclusived 
It is apparent that the drastic restrictions on travel 

during the war period, 1942-45, caused but a)! 

temporary dip in trafic growth and that the 1952 

vehicle-mileage was higher than would have 

been estimated by any rational projection of the 

prewar trend, A straight line from the top of 

the bar for 1936 to the top of the bar for 1952 

passes through the top of the bar for 1937 and for 

1941, but lies above the tops of the bars for all 

other years. This line indicates an average (sim- 

ple) annual increase during the 16 years of more. 

than 7.8 percent of the 1936 traffic. During the 

period 1946 to 1952, inclusive, the average rate of | 

increase was higher than in the earlier period 1936 

to 1941. From 1946 to 1952 total travel increased 

an average amount of more than 10.4 percent of | 

the 1946 figure. The increase in 1952 over 1951 © 

was below the average for the period, but it is 

probably too early to speculate whether this 

smaller rate of increase indicates a leveling-off | 

in the trend. 

Travel by tracks and truck combinations and 

by truck combinations alone increased in a 

manner very similar to that observed for all 

vehicles. In both cases the straight line, repre- 

senting the average rate of increase from 1936 to | 

1952, generally lies above the tops of the bars 
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Travel Increases 

The State system of highways in most States 

is composed of the main rural roads, or those on 

_ part of the “main” system of highways of the 

iW country. These main roads, comprising nearly 

} 361,000 miles, include 12 percent of the total 

'd rural mileage but carry 73 percent of the total 

rural traffic. Because of the greater importance 

of these highways, from a traffic standpoint, most 

' of the current traffic data were collected at points 

on them, and the remainder of this report will be 

E concerned only with information concerning this 

l "portion of the road mileage. 

E The data summarized for 1951 and 1952 in this 

| report include, for the first time, the amount of 

j travel on the toll roads of the country. Although 

_ the total vehicle-miles of travel on the five major 

F toll roads in these 2 years amounted to less than 

1 percent of the total on all main roads, the mile- 

‘} the omission of their traffic would soon result in 

an incomplete picture of total traffic. 

_ Although trafic on all rural roads increased 

over 6 percent, as mentioned before, travel on the 

main roads alone increased at a slightly higher 

rate or almost 7 percent. The ratio of traffic vol- 

umes on main rural roads in 1952 to correspond- 

ing volumes in the previous year is shown in 

table 2. This table indicates that travel in 1952 

on the main highways was higher in every region 

than in 1951. However, comparison with a simi- 

_ lar table comparing 1951 with 1950 shows that 
_ the rate of increase for the United States as a 

_ whole and for all areas except the Middle Atlantic 

and the Mountain regions was less than in the 

previous year. The rate of increase in travel of 

' local passenger cars was considerably less than 

in 1951, and the rate of foreign (out-of-State) 

passenger cars and of truck combinations was 

only slightly higher. Travel by buses on main 

rural roads was less in 1952 than in the 

previous year. The rate of increase of all pas- 

_ senger car travel in 1952 was greater than the 

- 1951 rate in the Middle Atlantic and Mountain 

regions, remained the same in the East North 

Central and Pacific regions, and was less in all 

other regions. The rate of increase of all types of 

truck combinations was less in the Middle Atlan- 

tic, the East North Central, the East South Cen- 

tral, the West South Central, and Pacific regions. 

Foreign travel decreased in volume from 1951 to 

1952 in New England, Middle Atlantic, and West 

South Central and bus travel decreased in New 

England, Middle Atlantic, East South Central, 

West North Central, and Mountain regions. 
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PEETR 

The increase in travel by passenger cars 

amounted to 6 percent compared to 8 percent for 

_ freight-carrying vehicles, and the increase in travel 
RS ee Re arse 
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by single-unit trucks in 1952 was 11 percent while arrangements, while the truck combinations are 

that by truck combinations was 2 percent. classified according to the total number of axles 

The percentage of travel by vehicle types on of the combination. The classification of vehicles 

main rural roads in 1952 is given in table 3. In _ into these types has been used in the last 6 an- 

this table all single-unit trucks are divided into nual surveys and has been found to have numerous 

classification types based on the axle and tire advantages over the original “light, medium, and 

Table 1.—Survey period, number of stations operated, number of vehicles counted, and 
number weighed in each State in the special weight surveys, summer of 1952 

Trucks and truck 
- Total combinations 

Region and State Survey period Number Scicles 
of stations eoanhel 

Counted | Weighed 

New England: 
Connecticut July 30—-Aug. 18 36,121 6,455 

42,428 7,571 
Massachusetts July L4=Angy lose 111,089 14,085 
New Hampshire No survey 
Rhode Island July 16—-Aug. 9 
Vermont July 21-July 30 

Subtotal 

Middle Atlantic: 
New Jersey July 14-July 29 

No survey ee 
July 14-Sept. 3 15,923 

29,447 

South Atlantic: : 
Delaware Aug. 7—Aug. 21 
Florida No survey 

Aug. 18-Sept. 30 

Maryland June 16—July 18 
North Carolina Aug. 8—Dec. 8 
South Carolina Sept. 8-Sept. 19 
Virginia Aug. 5—Aug. 22 
West Virginia Aug. 12—-Sept. 3 

Subtotal 254,745 

Eastern regions, subtotal 631,090 

East North Central: 
Illinois No survey 

Aug. 4-Sept. 6 
June 3—July 9 
July 15-July 31 
July 1-Sept. 30 117,882 

235,116 43,049 

July 15-Aug. 19 30,716 6,709 

Kentucky 36,307 8,746 
Mississippi June 3—July 18 58,430 15,903 
Tennessee Sept. 3-Sept. 18 10,433 3,229 

Subtotal 135,886 34,587 

West North Central: 
July 21—-Aug. 13 
June 6—July 25 ee ery 
June 16—July 3 20,787 3.484 1,121 

Missouri July 28—-Aug. 27 201,680 38,959 13,031 
Nebraska July 17-Aug. 22 27,303 5,441 5,365 
North Dakota July 7-Aug. 29 36,072 7,407 2,804 
South Dakota June 1—Aug. 31 29,263 4,977 4,112 

Subtotal 357,447 68,997 32,672 

West South Central: 
Arkansas Aug. 1—Aug. 19 20,263 6,311 1,450 
Louisiana Aug. 4—-Aug. 15 13,290 3,922 1,398 

Oklahoma July 9-Aug. 8 35,633 7,231 6,008 
June 1—Aug. 31 114,525 23,940 6,284 

183,711 41,404 15,140 

Central regions, subtotal 912,160 188,037 79,312 

Mountain: 
Arizona July 14—-July 25 11,775 2,554 1,165 

July 7—Aug. 29 é 24,813 3,766 805 
Sept. 8-Oct. 7 21,465 4,703 2,249 
July 30—-Aug. 31 30,003 5,356 2,932 

8,470 1,245 986 
16,170 3,625 1,508 

July 21-Aug. 8 21,596 3,827 1,165 
Aug. 8-Aug. 29 14,634 2,812 670 

148,926 27,888 11,480 

Pacific: 
California 222s — ___-| June 4—Aug. 13 124,441 4,485 1,959 

Aug. 6—-Aug. 21 19,816 4,177 1,468 

Washington June 9-Oct. 6 67,270 11,168 6,262 

Subtotal 111,527 19,830 9,689 
SS | eaBQmqPPaPaSSaSS m=) SS 

Western regions, subtotal 260,453 47,718 21,169 
——— 

United States total 1,803,703 352,712 134,564 

1 Passenger cars net counted; figure given is an estimate based on data from other reports. 

237 



heavy” grouping, particularly in that it provides 

more homogeneous groupings and more positive 

identification of the types. 

The data in table 3 indicate that truck and 

truck combination travel in 1952 was more than 

20 percent of the total travel in all but the New 

England, Middle Atlantic, and Pacific regions. 

It was between 20 and 25 percent in all remain- 

ing regions except the East South Central and 

West South Central regions where it was over 

25 percent. 

A comparison with the same table in the 1951 

report shows that the proportion of trucks was 

higher in 1952 than in 1951 in the New England, 

South Atlantic, West South Central, Mountain, 

and Pacific regions and lower in the other regions, 

although slightly higher in the United States as 

a whole. 

Table 3 indicates also that the usage of certain 

types of freight-carrying vehicles varies in differ- 

ent sections. For instance, the truck-tractor and 

semitrailer with five or more axles and the truck 

and trailer with six or more axles are used far 

more frequently in the Pacific region than in any 

other area. Truck and trailer combinations are 

used much less in the East South Central region 

and in the three eastern regions than in other 

sections. The percentage of combination-type ve- 

hicles, nation-wide, was 6.49 percent, a slight de- 

crease from the 1951 figure of 6.71 percent. Simi- 

lar percentage figures in recent years were 7.21 

percent in 1950, 5.95 in 1949, and 5.84 in 1948. 

The average weights of loaded and empty 

trucks and truck combinations are shown in fig- 

ure 4 for each year from 1942 to 1952, inclusive, 

and for a prewar year, generally 1936 or 1937. 

The weights of single-unit trucks, both loaded 

and empty, increased each year from the 1936— 

37 period through 1945, then leveled off around 

11,000 pounds for loaded vehicles and slightly 

less than 6,000 pounds for empty vehicles. At the 

same time weights of truck combinations, both 

loaded and empty, have increased each year dur- 

ing the period shown. The increase in average 

weight of loaded combinations from the 1936-37 

period to 1952 was over 63 percent compared to 

only about 14 percent for single-unit trucks. 

Table 4 gives the average weight of loaded and 

of empty trucks and truck combinations separately 

by types in each region and in the United States 

as a whole. This table brings out clearly the im- 

portant differences that exist in the weight char- 

acteristics of the vehicles in different groups. It 

will be noted, for example, that for the United 

Table 2.—Ratio of 1952 traffic on main rural roads to corresponding traffic in 1951 
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Figure 3. 

States as a whole, the loaded three-axle, single- 

unit trucks weighed a little more than twice as 

much as the two-axle, six-tire trucks. The latter, 

in turn, weighed a little more than twice as much 

as the two-axle, four-tire trucks. Similar differ- 

Travel on all rural roads, 1936-52, by classes of vehicles. 

ences existed throughout the various classifica- 

tions. On the other hand, the regional differences 

in average weight for each of the vehicle types 

that are common throughout the country are sur- 

prisingly small. The rather low weights of truck 
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1 Includes toll road vehicle-mileage for Maine, New Hampshire, New Jersey, and Pennsylvania. 
2 Includes vehicle-mileage for 1952 on the Denver-Boulder toll road, opened Jan. 1952. 

Eastern regions 1 Central regions Western regions 2 4 
United 

Vehicle type States 
New Middle | South Aver- Bei eth we te ay ee Aver- | Moun- Botta Aver- DN 

E ] Atl tic| Atl ti ou or ou ‘ acine age 

dc arte Sai ae Central | Central | Central | Central Ae foo es i 

Passenger cars: 

Local ete wp ar ae Se I a es ee te eee 1.08 1.10 1.01 1.06 1.07 1.18 1.04 1.04 1.07 .98 1.08 1.05 1.06 
OVE 2 eens ee RE a Fe SN es “ .99 1.14 1.07 1.03 1.01 1.15 .98 1.04 V27 1.01 LAT 1.07 

PTIDASBEN SEL. CALS 2 sae ee eee 1.05 1.08 1.04 1.06 1.06 el 1.06 1.03 1.06 1.09 1.07 1.08 1.06 

Trucks and truck combinations: , 
SIND ealN it ChUCKS Soe) SS Re 1.12 1.03 1.20 1.12 V2 1.02 -95 ELT 1.06 1.33 ANY. 1.24 niet | 
Ernckicompinations 2-22 =. ls ae 1.13 -96 bea lp 1.05 91 1.01 1.19 1.05 1.01 1.28 .94 1.04 1.02 

All trucks and combinations________-__ 1.12 1.00 abel lire 1.10 1.03 1.01 1.01 1.09 1.04 1.32 1.09 1.18 1.08 

[RAE GIES) 6 SR ag sa eee oe Se A 30 1.04 -98 1.00 -95 -95 1.13 1.01 .84 1.01 .95 .99 

ANIM SSCL GW IG VEITE. oa ba et ipa Segoe SARS GE oat 1.04 



Table 3.—Percentage distribution of travel, by vehicle type, on main rural roads in the summer of 1952 
nnn 

nn $$$ 

Eastern regions Central regions Western regions 

United 
hicl Z t 

ERUSENY PS New | Middle | South | Aver- oe aps ew aks Aver- | Moun- | 5, ise Aver- Pee 
E d| Atlanti i Ae ou or oe tain age 

2 Ba Ate Aunt AaeS Central | Central | Central | Central aPC e 3 

. Passenger cars: 

VOTED ote he al eS eS 62.67 66.36 56.38 61.15 56.68 50.06 61.62 60.01 57.67 41.40 69.19 58.64 59.00 
ROY Gl Or 1h eer ee Nee ee ee ee er 20.49 13.49 20.47 17.73 22.29 22.21 16.55 13.38 18.72 33.35 10.68 19.29 18.49 
PS EDaAsseny er Cars. Bees to tes ge ee 83.16 79.85 76.85 78.88 78.97 72.27 | 78.17 73.39 76.39 | 74.75 | 79.87 77.93 17.49 

| 

Single-unit trucks : 

eee lan ep iC U Dien see gaan ee eee 4.49 3.74 8.21 5.95 5.73 10.17 6.45 11.09 7.89 10.85 6.12 7.92 7.25 
a Quilter ere dey aig hdone = 2) = ee 80 1.32 7 90 32 39 53 39 40 .84 1.25 1.09 .68 
| Gtheraonaxtes Obie 22-4. ete a ne FT 5.92 7.26 Gist Gi63 6.28 9.62 7.45 7.08 | 7.25 6.65 4.55 5.35 6.72 

| 4 Shepdte . oa a ae ee .36 AT 76 59 LS 48 24 15 82 73 1.01 -90 51 
ae Asin elesuUnIt thUuCKs ease ee 11.57 12.79 15.85 14.07 12.75 20.66 14.67 18.71 15.86 19.07 12.93 15.26 15.16 

E } Truck-tractor and semitrailer combinations : | 

is Erb d Reve = Shes SM ey See eae ee ae on 3.63 4.96 Boo 7 3.99 3.36 4.31 2.71 3.80 3.46 1.34 78 on) 3.21 

1 k 4-axle _______------------------------------- .49 1.58 2.92 2.07 3.42 1.47 3.12 20S, Naw 72:89 1.12 188 97 2.29 
¢ eae lortn mores s tata ee rene oe ok (1) 02 .03 “02 21 .03 50 .09 22 AP Ovens. 0 2.48 54 
a All truck-tractor and semitrailer combina- 4.12 6.56 6.22 6.08 6.99 5.81 6.33 6.62 6.57 4.25 4.56 4,44 6.04 
a PION SReee ess eel se Se Seek 
[- Truck and trailer combinations : 

> | Be ae LENO eS Se aes ee abe a hes Bem RE Na ee Te .02 01 .04 02 19 (4) 18 .33 19 ol | 27 29 15 
[ Beta dU cok tag cue el Thar te Se snd pe Uh SW a eee cae a UR ne Privy ieee oe ‘01 LA ote kee ‘01 01 13 68 .69 .68 .18 
a Goaxle Orlmor eae ae re ee ee se. ee eA eee sir (Nate oe ee A Uy feat a Pere OE ties (ere eee .03 .24 82 .60 12 
' { All truck and trailer combinations __________ .02 .03 .04 .03 .60 (1) 19 04 .35 1.23 | 1.78 1.57 45 

E ALicombInations: wos = Sewe sake Re oe 4.14 6.59 6.26 6.11 7.59 5.81 6.52 6.96 6.92 5.48 6.34 6.01 6.49 

F | All trucks and truck combinations _____________ 15.71 | 19.38 OF Tl 2018 20.34 26.47 21.19 25.67 22.78 24.55 19.27 21271. 21.65 
; ? | 

' Eis ee mareremen ae Sa ee i Soe te Pee ede fe TEBE) Arkh 1.04 94 69 1.26 64 94 83 | -70 86 -80 -86 

i eViehic] esas Sawa eer ween PAS Pe ee oe 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 1.00.00 | 100.00 | 100.00 | 100.00 

oe 
1 Less than 0.005 percent. 

_and trailer combinations in the West North Cen- 

tral region indicate a predominance of small home: 

made trailers of low capacity. 

Peek oc io 
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' Truck Travel Increases 

Figure 5 shows the estimated yehicle-mileage 

of travel by loaded and empty single-unit trucks 
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and truck combinations on main rural roads for 

each year, 1936 to 1952, inclusive. This chart 

demonstrates graphically the steady growth of 

truck trafic during the prewar years 1936—41, the 

temporary effect of wartime restrictions in the 

period 1942-45, and the remarkable increases in 

truck transportation that have occurred since the 

end of hostilities in 1945. 

INCLUDING LOAD 

1948 1949 1950 1951 1952 bm 
PREWAR {os 

1942 1943 

Table 5 gives comparisons of the estimated 

vehicle-mileage of travel by vehicles of different 

types on all main rural roads in 1936, the earliest 

year for which comprehensive travel and weight 

data are available; in 1941, the peak prewar year, 

5 years after the beginning of the surveys; in 

1946, 10 years after the beginning of the surveys; 

in 1951, 15 years after the beginning of the sur- 

Figure 4.— Average weights of loaded and empty trucks and truck combinations in the summers of 1942-52 and a prewar year, 
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Table 4.—Average weight 

Vehicle type 

“ 

Eastern regions 

AVERAGE WE IGHTS OF LOADED VEHICLES 

(in pounds) of loaded and empty trucks and truck combinations, by vehicle 

Central region’ 
United 
States 

New | Middle | South | Aver- East East West West Aver- | Moun- . Aver- | average 
England| Atlantic] Atlantic! age North | South | North | South age tain Pacific age 

Central | Central | Central | Central ; = 

aS a ey 

types, in th 

Western regions 

Single-unit trucks: 
Panel and pickup 
Other 2-axle, 4-tire 
Other 2-axle, 6-tire 
3-axle 

Average 

Truck combinations : 
Truck-tractor and semitrailer 
Truck and trailer 

Average 

Average, all trucks and combinations___________ 

5,198 5,284 5,270 5,263 5,151 5,292 5,271 
6,856 6,205 7,154 6,727 6,460 6,755 7,513 

14,554 16,212 | 13,911 14,940 | 13,135 14,947 | 14,195 
30,492 38,562 | 30,188 32,604 | 28,013 | 28,303 | 27,575 

14,064 | 11,646 12,540 | 10,316 11,990 | 10,856 

40,180 | 41,425 | 40,315 | 40,753 | 40,412 | 87,613 | 41,407 
(4) Gob oe) eee (1) 62,804 (1) 28,785 

40,100 | 41,475 | 40,315 | 40,766 | 41,851 | 37,614 | 41,110 

20,583 | 25,487 | 22,841 | 23,588 | 23,376 | 19,981 | 21,212 

6,470 5,615 5,160 4,797 4,979 5,397 
7,295 7,006 7,087 6,357 6,560 6,757 

13,852 | 13,864 | 14,655 | 13,295 | 13,868 | 14,204 
81,756 | 28,493 | 31,294 | 29,500 | 29,916 | 380,378 

10,643 | 10,261 | 11,083 | 10,730 | 11,189 

41,129 | 40,489 | 47,516 | 57,269 | 54,025 42,699 
32,265 | 51,017 | 66,767 | 63,441 64,223 | 59,647 
40,727 | 40,949 | 50,846 | 58,824 | 56,342 43,816 

21,265 | 21,883 21,982 | 30,401 | 27,148 23,409 

AV ERAGE WEIGHTS OF EMPTY VEHICLES 

Single-unit trucks: 
Panel and pickup 
Other 2-axle, 4-tire 
Other 2-axle, 6-tire 
8-axle 

Truck combinations: 
Truck-tractor and semitrailer 
Truck and trailer 

Average 

Average 

Average, all trucks and combinations___________ 

1 Data omitted because of insufficient sample. 

4,309 4,271 3,965 4,066 4,122 3,973 4,213 
5,280 4,555 5,388 4,793 4,786 4,865 5,358 
8,813 8,741 7,788 8,335 8,090 7,651 8,225 

15,307 16,170 | 13,024 14,194 | 13,144 11,322 | 14,477 
6,590 6,857 5,473 6,063 6,094 5,522 6,103 

21,987 | 20,976 | 20,228 | 20,724 | 20,960 | 16,123 | 21,277 
(1) (1) (1) (1) 26,230 (1) 16,948 

21,940 | 21,001 | 20,196 | 20,718 | 21,551 | 16,125 | 21,103 

9,693 | 10,574 8,187 10,829 7,182 9,946 9,217 

Table 5.—Comparison of estimated vehicle-miles of travel on main rural roads in 1936, 
1941, 1946, 1951, and 1952 

1946: 

1946: 

1952: 
1952: 
1952: 

Passenger cars and| All trucks and truck) single-unit trucks | Truck combinations 
buses 1 combinations 

All 
vehicles, Percent- Percent- 

Year vehicle- age of all age of all 

miles Percent- | yehicle- | Percent-| Vehicle- | trucks | Vehicle-| trucks | Vehicle- 
age of all) miles |2ee of all/ miles and miles and miles 
vehicles vehicles truck truck 

combina- combina- 
tions tions 

| 

Millions Millions Millions Millions Millions 
1986S 88,412 82.6 73,005 17.4 15,407 82.1 12,650 17.9 2,757 
GED: kn a 122,505 80.3 98,320 19.7 24,185 78.8 19,057 yates 5,128 
1936 ratio 1.39 97 1.35 1.13 SWE -96 1.51 1.18 1.86 

LOAG SSS 2S 124,149 80.4 99,803 19.6 24,346 13.3 17,838 26.7 6,508 
1941 ratio 1.01 1.00 1.02 -99 1.01 93 94 1.26 1.27 

1936 ratio 1.40 one 1:87 1.18 1.58 89 141 1.49 2.86 

VOB Seer 190,549 78.6 149,811 21.4 40,738 68.4 27,851 31.6 12,887 
TOR Ze 203,101 78.4 159,132 21.6 43,969 70.0 30,782 30.0 13,187 
1951 ratio DIE 1.00 1.06 1.01 1.08 1.02 LL1 95 1.02 

1941 ratio_ 1.66 98 1.62 1.10 1.82 89 1.62 1.42 Caw § 

1936 ratio- 2.30 95 2.18 1.24 2.85 85 2.43 1.68 4.78 

1 Percentages of total 1952 travel by passenger cars and by buses are reported separately in table 3. 
2Includes vehicle-miles of travel on toll roads not previously reported. 

Table 6.—Comparison of estimated percentage of trucks loaded, average carried load, and 
ton-miles carried on main rural roads in 1936, 1941, 1946, 1951, and 1952 

All truck and truck 
Single-unit trucks BOT inations Truck combinations 

Year Average Average Average 

ioe Per- | Weight | Ton- Per- | weight | Ton- Per- | Weight Ton- 
centage of miles centage of miles centage of miles 
loaded | Carried | carried | loaded | C@?Tied | carried | loaded | C@7Tied | carried 

load load load 

Tons | Millions Tons | Millions Tons Millions 
OS Gee ee eee 62.8 2.90 28,005 60.7 1.86 14,258 72.2 6.90 138,747 
OA fe eee 66.7 3.64 58,737 65.4 2.29 28,487 71.6 8.23 30,250 

LOL COSC: TATIO no 1.06 1.26 2.10 1.08 1.23 2.00 799 1.19 2.20 

TOAG eye a Rs oe 51.7 4,84 60,892 46.4 2.31 19,101 66.2 9.70 41,791 
TOLG EL O LL PAO. oS 78 1.33 1.04 ah! 1.01 67 -92 1.18 1.38 

LPLG 1980. TOti0 2 82 1.67 2.17 76 1.24 1.384 -92 1.41 3.04 

SIG G51 Li 55.2 5.68 | 127,605 48.8 2.31 31,440 68.9 10.83 96,165 
OD aurea cat eee 54.0 5.56 | 132,009 48.3 2.34 34,735 67.5 10.93 97,274 

LIE IOS LAT atio# -98 98 1.03 99 1.01 1.10 -98 1.01 1.01 

e952 OL ratios 2 =. 81 1.53 2.25 Th 1.02 1.22 -94 1.88 3.22 

TeoeeT9S6 Vat. 86 1.92 4.71 -80 1.26 2.44 93 1.58 7.08 

1 Includes ton-miles carried on toll roads not previously reported. 
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4,639 4,294 4,015 3,963 3,990 4,172 
5,412 5,155 5,182 4,984 5,046 4,941 
8,281 8,068 8,065 8,032 8,051 8,160 

12,362 | 12,796 16,541 | 15,953 16,239 14,189 
5,887 5,889 5,644 5,514 5,582 5,903 

20,642 | 20,162 24,598 | 24,898 | 24,741 20,660 
16,212 | 19,742 | 29,941 | 29,602 29,752 24,682 
20,399 | 20,135 | 26,511 | 26,948 | 26,733 20,976 

8,607 9,227 8,587 8,981 8,773 9,101 

veys; and 1952, the 16th full-year of estimates. 

The ratios of 1952 travel to that of preceding 

years indicate that increases for trucks and truck 

combinations were greater than for passenger cars 

for all years shown, a fact found to be true in 

most years. The increase of truck-combination 

travel in 1952 over that in 1951 was less than the 

increase of single-unit truck travel in the same 

period, but over the longer periods the increase 

of travel by truck combinations far exceeds that 

by single-unit trucks. In the 17 years from 1936 

to 1952, passenger car and bus travel combined 

increased 118 percent, travel by all trucks and 

combinations increased 185 percent, while travel 

by truck combinations (considered separately) in- 

creased 378 percent, being almost 5 times as 

great in 1952 as in 1936. 

Volume of Highway Freight 

Figure 6 gives a comparison of the average 

load carried by loaded single-unit trucks and 

truck combinations, separately and combined, in 

the 17 years that the planning surveys have been 

operating. The general trend of load weights was 

upward throughout the period. From 1945 to 1951 

the slight decline in the weights of loads carried 

by single-unit trucks was more than offset by the 

increased use of combinations and heavier weights 

of loads carried by vehicles of this type. In 1952, 

however, the slightly smaller proportion of com- 

binations resulted in a small decline in the aver- 

age weight of carried load for all trucks and 

combinations. 

Figure 7 shows for each year from 1936 through ~ 

1952, the ton-mileage of freight carried by trucks 

and truck combinations on main rural roads. The 

chart demonstrates clearly that truck combinations — 

are now transporting a much larger proportion 

of the total amount of highway freight than in 

December 1953 @ PUBLIC ROADS. 
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Figure 5.—Travel on main rural roads, 1936-52, by loaded and by empty trucks and truck combinations. 

- the earlier years. In 1936 the truck combinations traveling on main rural roads in 1951 and 1952. freight-carrying standpoint of different portions 

hauled slightly less ton-mileage than the single- Interesting comparisons can be made from this of the traffic stream. In 1952, for instance, while 

unit trucks, while in 1952 they hauled almost 3 table showing the relative importance from a panel and pickup trucks traveled over 33 percent 

times the amount transported by the larger num- 

ber of lighter vehicles. The rapid rate of annual 

increase in total freight carried, which took place 

in 1946 and 1947, was reduced somewhat in 1948 

and 1949 to a rate more nearly comparable with 

that of prewar years. In 1950, however, there 

as a startling increase in freight ton-mileage 17 ee RRP Ser ORLA PAT eS ee Cee N aa Yin cia oh ain ME RCP MRE Bays ene 
ules = : 3 6 10 " TRUCKS AND TRUCK COMBINATIONS, COMBINED 

12 

|] TRUCK COMBINATIONS 

somewhat similar to the rise that occurred in 

1941. In 1951 and 1952, the rate of increase re- 

turned to one closely comparable with the prewar 

trend. 

In table 6 are shown comparisons for 1952 with 

corresponding items for other years as in table 

5, of the percentage of vehicles carrying loads, 

the average carried load, and the ton-mileage 

carried for single-unit trucks and for truck com- 

binations, separately and combined. The trend 

from 1936 to 1952 of average weight carried, 

shown graphically in figure 6, and that of the 

ton-mileage transported during the same period, 

shown in figure 7, have already been discussed. 

The percentage of truck and truck combinations 

carrying loads decreased slightly from 1951 to 

1952 in the United States as a whole, and in all 

regions except the New England, East North 

Central, West North Central, and Mountain re- 

SINGLE-UNIT TRUCKS 

Zi 
Z 
g Y 

AVERAGE CARRIED LOAD -— TONS 

gions where slight increases were found. In the 

ee oe A Bos hida ny 

Y Y 

Ag Z Y 7 
: OACGAZ G 

= : Z E g J g J 
WAAL —GiAAGAIALAAZ 
GAL CAG Y YG 

country as a whole, the percentage loaded de- dd Peed EZ) |e : : : : Y : Z Z G G 

creased from 55.2 percent in 1951 to 54.0 percent Y g g : WALA |: Y Wk: J Y Y Y 
in 1952. Both for single-unit trucks and for truck Y Y Y e z : Ee 7 Z 5 QZ Z Y Q 
combinations, the percentage loaded was lower 2 g Y ? e Xs Y Y Y a Y os Y Y 

in 1952 than in 1951, but higher than in 1946. Aaa Y Y Ba fee lez. qY EY Y Y Y 
The loaded proportion continued to be consider- Y Y 7 e a Y EY Y Y BG LY Y Y Y 

; : A , a a y a i ny Y “Y Y Y EY Y Y Y 
_ably less for the single-unit vehicles and slightly Y 2 g SB a7 Y Y x Y Y cy Y Y ag 

less for the truck combinations than in the pre- Y Y Y i Y Y WY Y iY Y Y Y Y EY 

war surveys. aa: AGAA@AAA A? 
Table 7 gives a detailed comparison of the per- 0 82 82 fae fe Bo WEG LEG Ase LY BY oY EA GES Y 

centage of vehicle-miles of travel, percentage of oie ie As Reda NOR ecg GE feat Seo OREN OF Ol One ees 

vehicles loaded, average carried load, and _ per- Drifro OF Orin OF | OVS Od 6 OPE ON ome 0) ag OV VE Ond >: O) 5 Os 0) <I = OVINE OVO? 

centage of total ton-miles of freight carried by Figure 6.—Average load carried by trucks and truck combinations on main 
.the various types of trucks and truck combinations rural roads, 1936-52. 
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Figure 7.—Ton-miles carried by trucks and truck combinations on main 
rural roads, 1936-52. 

of the vehicle-mileage, they accounted for less 

than 3 percent of the ton-mileage. The truck- 

tractors and semitrailers, on the other hand, tray- 

eled about 28 percent of the vehicle-mileage but 

carried almost 67 percent of the ton-mileage. 

From the column in table 7, showing percent- 

age loaded by types, it can be observed that the 

percentage of vehicles carrying loads tends to 

increase directly as the size of the vehicle type, 

extending from light panel and pickup trucks that 

are loaded 38 percent of the time to the heavy 

combinations that are loaded about 67 percent 

of the time. 

242 

Weights Level Off 

Figure 8 shows by years, from the prewar years 

(generally 1936 or 1937) to 1952, for the United 

States as a whole, the frequency of gross weights 

of 30,000 pounds or more, of 40,000 pounds or 

more, and of 50,000 pounds or more. In 1952 it 

was found that 65 vehicles in each 1,000 loaded 

and empty trucks and truck combinations weighed 

50,000 pounds or more, while in the previous 

year, 64 vehicles in each 1,000 weighed this 

amount. On the other hand, it was found in 1952 

that 118 vehicles in each 1,000 weighed 40,000 

pounds or more; while in J951, 119 vehicles in 5 

each 1,000 weighed that amount. In the 30,000 — 

pound or more class there was a greater reduc- | 

tion. It was found in 1952 that 188 vehicles in — 

each 1,000 weighed 30,000 pounds or more, while 

in the previous year this frequency was 192 such 

vehicles. This decline or leveling off of the fre- 

quency of heavy gross weights may or may not 

be significant. It will be seen from the chart that 

the general upward trend of gross-weight fre- 

quencies has been halted or reversed temporarily 

several times during the period covered, notably 

in 1946 and 1947. The current frequencies, how- 

ever, are much larger than those found in 1946, 

the first postwar year, and an astonishing amount 

larger than in 1936 or 1937, the first years of 

the planning surveys. Frequencies of vehicles 

weighing 30,000 pounds or more in 1952 were 

1.4 times as great as in 1946, and over 4 times 

as great as in the prewar years; those weighing 

40,000 pounds or more in 1952 were twice as 

great as in 1946, and about 11 times as great as 

in the prewar years; while vehicles weighing 50,- 

000 pounds or more in 1952 were 2.5 times as 

great as in 1946, and almost 22 times as great 

as in the prewar years. 

The 1952 gross-weight frequency data by ve- 

hicle type and region are presented in table 8. 

No panels, pickups, or other two-axle, four-tire, 

single-unit trucks were found in the survey weigh- 

ing as much as 30,000 pounds, so there is no entry 

for these vehicles in the table though they are 

included in the total number of vehicles weighed 

in computing the frequencies for all trucks and 

combinations. Heavy gross weights are more fre- 

quent in the Pacific region than in other parts of 

the country. In this region 191 of each 1,000 

trucks and truck combinations on the main rural 

highways in 1952, empties included, weighed 

50,000 pounds or more, and 280 of each 1,000 

weighed 30,000 pounds or more. In the Mountain 

region 84 of each 1,000 weighed 50,000 pounds 

or more, while 165 of each 1,000 weighed 30,000 

pounds or more. In the East North Central re- 

gion 78 of each 1,000, a frequency almost as large 

as that found in the Mountain region, weighed 

50,000 pounds or more, while 227 of each 1,000, 

a frequency almost as large as that found in the 

Pacific region, weighed 30,000 pounds or more. 

The lowest frequency of heavy gross loads was 

found in the East South Central region where 

only 9 of each 1,000 weighed 50,000 pounds or 

more, and only 122 of each 1,000 weighed 30,000 

pounds or more. 

As was pointed out in the discussion of figure 

8, the frequencies of heavy gross loads decreased 

or leveled off in 1952 in the Nation as a whole. 

This leveling off is not limited to any certain 

area, but is distributed throughout the entire 

country. Comparing the frequencies of gross 

weights in 1952 with those in the previous year, 

fairly large decreases were found in the frequen- 

cies of gross weights of 30,000 pounds or more 

in the heavily traveled Middle Atlantic and East 

North Central regions and a slight decrease in 

the important Pacific region, and with only mod- 

erate increases in the other regions. Likewise, 

decreases were found in the frequencies of gross 

weights of 50,000 pounds or more in both the 

Middle Atlantic and East North Central regions 

and with moderate increases in other regions. 
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pounds or more, there is no entry for these in the 

table though they are included in figuring the 

frequencies for all trucks and truck combinations. 

Though the greatest frequency of heavy gross 

=| TRUCKS WEIGHING 30,000 POUNDS OR MORE Metehty Thetis Mine in the, Facey Tea 
Ws TRUCKS WEIGHING AgooOTPOUNDS Ga: MORE shown in table 8, this region had a considerably 

BM TRUCKS WEIGHING 50,000 POUNDS OR MORE below-average frequency of heavy axle loads. At 

the same time, by far the greatest frequency of 

heavy axle loads was in the Middle Atlantic re- 

gion and the next greatest was in New England 

where moderately low frequencies of heavy gross 

160 

140 : 
loads were found. In these two eastern regions, 

the relatively high frequency is attributable mainly 

to the higher legal axle-weight limits in effect 

920 AAA rr erry —— SS PE Ee) ee in some of the States, and the large number of 

two-axle truck-tractors pulling one-axle or two- 

axle semitrailers. The relative infrequency of 

vo heavy axles in the Pacific region, in the presence 

of a large proportion of heavy gross loads, indi- 

cates a better general distribution of the loads 

over a larger number of axles. 

80 Although the frequency of heavy gross loads 

has increased considerably in all regions since 

1949 and has only showed a tendency to level 

off in some regions in 1952, as stated in connec- 

tion with the discussion of table 8, the trend in 

frequency of heavy axle loads is following a dif- 

ferent pattern. This is demonstrated by com- 

paring the frequency of heavy axle loads in 1952. 

with those in 1951 and 1950 and, in general, back 

to 1948. As shown in table 9 for each region, 

with the exception of the New England and Pacific 

60 

NUMBER OF HEAVY GROSS WEIGHTS PER 1,000 VEHICLES 

40 

PT NNNANNNANAAANAANAANANAANASASANANS 

= : regions, the trend in frequency of heavy axle loads 

, : fy is downward, whereas table 8-shows that the 

E : Y Y 5G 5 frequency of gross loads is increasing somewhat 

3 Co) 2 Y Y Y BA, in most regions and leveling off only in a few. 
4 1942 1943 1944 1945 1946 19 51 1952 

tae 

==] AXLES WEIGHING 18,000 POUNDS OR MORE 
WZ AXLES WEIGHING 20,000 POUNDS OR MORE 
SYM AXLES WEIGHING 22,000 POUNDS OR MORE 

(ABOVE) Figure 8.—Number of heavy gross 
weights per 1,000 trucks and truck com- 
binations (empties included) in the sum- 
mers of 1942-52 and a prewar year. 

=~ 

ea 

ae Se 

(RIGHT) Figure 9.—Number of heavy axle 
loads per 1,000 trucks and truck combina- 
tions (empties included) in the summers 
of 1942-52 and a prewar year. 

PRT 

Frequency of Heavy Axle Loads 
TRS Te re Figure 9 shows the frequency of axle loads of 

18,000 pounds or more, 20,000 pounds or more, 

and of 22,000 pounds or more for the prewar 

years (1936-37) and by years from 1942 to 1952, 

inclusive. The frequency of these heavy loads in- 

creased -year by year from the prewar period 

through 1948. Since 1948, however, the trend 

apparently has been reversed, for with the ex- 

ception of 1950, the data seem to indicate a 

definite downward trend. Such a trend is highly 

encouraging and may indicate the results of bet- 

ter enforcement of legal limits and of attention 

given, generally, to better load distribution. 

NUMBER OF AXLES PER 1,000 VEHICLES 

Table 9 gives data concerning the number of 

heavy axle loads per 1,000 loaded and empty 

' trucks and truck combinations of various types 

on the main rural roads by regions in 1952. Since 

no panel, pickup or other two-axle, four-tire single- 

~ unit truck was found with axles weighing 18,000 
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Table 7.—Percentage of vehicle-miles of travel, percentage loaded, average carried load, and fe 9% 

‘reduction in frequency of overloaded vehicles was 

a 

percentage of total ton-miles carried by various types of trucks and truck combinations 

on main rural roads in 1952 compared to that in corresponding months in 1951 * 

Percentage of ve- 
hicle-miles of 

Vehicle type travel 

1952 1951 

Single-unit trucks: 
Panel and pickup 
Other 2-axle, 4-tire 
Other 2-axle, 6-tire 

Truck combinations: 
Truck-tractor and semitrailer___- 
Truck and trailer 

All truck combinations 

All trucks and combinations 

Percentage of 
ton-miles carried 

Average carried 
load 

. Percentage 
loaded 

1952 1951 1952 1951 1952 1951 

Tons Tons 

0.68 
.90 

3.20 
8.03 
2.34 

0.70 
-91 

3.23 
7.53 
2.31 

2.89 
48 

19.26 
3.68 

26.31 

10.61 
15.42 
10.93 

10.48 
15.48 
10.83 

66.84 
6.85 

73.69 

5.56 5.68 | 100.00 

1 Data for 1951 include estimates for toll roads not previously reported. 

Loads Above Legal Limits 

Table 10 shows the number of trucks and truck 

combinations of each type, per 1,000 such ve- 

hicles counted, empties included, that exceeded 

the legal axle, axle-group, or gross-weight limits 

in effect in the individual States in the summer 

of 1952, and the number per 1,000 that exceeded 

-these limits by various percentages. Comparative 

figures are given at the bottom of the table for 

Table 8.—Heavy gross weights per 1,000 loaded and empty trucks and truck combinations on main rural roads, summer of 1952 

the Nation as a whole for 1950 and 1951. The 

table shows that, on the whole, the frequency 

with which vehicles violated some one of the 

State weight restrictions was approximately the 

same as in the previous year, much less than 

in 1950, and furthermore, that the amount of 

overload generally was less in 1952 than in the 

previous years. 

Loads in excess of State law in 1952 were most 

frequent in the Middle Atlantic States, although 

Eastern regions Central regions 

pe a ice ees 
even in this: region, when compare 

found. The frequencies were reduced from 74 | 

vehicles in 1952. A slight decrease in the fre- — 

quencies of overloaded vehicles also was found — 

in the East North Central and in the West North — 

Central regions, and the frequency in the West — 

South Central region remained the same as in 

1951. Slight increases in the frequency of over- 

loaded vehicles were found in all other areas. The 

East South Central region, which had the second 

lowest frequency of overloaded vehicles in 1951, ~ 

had the lowest such frequency in 1952 with only 

44 trucks and truck combinations overloaded for 

each 1,000 counted in that areas After the Middle 

Atlantic region where, of all loaded and empty 

trucks and truck combinations weighed in 1952, 

61 of each 1,000 exceeded one or more of the 

State weight limits, there followed the East North 

Central region with the second highest rate of 

overloads (57), and in descending order of rates 

of violation were the West South Central (54), 

the Mountain (54), the Pacific (51), the South 

Atlantic (49), the West North Central (48), New 

England (46), and the East South Central (44). 

No panel or pickup or other 2-axle, 4-tire truck 

was weighed that exceeded any of the State 

weight regulations, and these classifications are 

Western regions 
‘ United 

Vehicle type E E w Ww States 
New | Middle | South aoe a8 oer est s 

England| Atlantic Auantio Average} North South North South | Average pital Pacific | Average pA in 
Central | Central | Central | Central 

NUMBER PER 1,000 WEIGHING 30,000 POUNDS or Mors 

Single-unit trucks ; 
Dp) ap (Tani eee ae 5 a ee ee ee ERE, 16 16 1 O0a3| Caaceee ney Pee eda 3 1 rs ite ie 1 4 
Be Nee Se NEE Oe 2 ee ee 326 367 346 351 239 270 294 478 283 331 373 360 333 

Vera eww Gout at abe ae a eee 18 22 17 19 8 7 5 5 6 13 29 22 13 

Truck combinations: 
Truck-tractor and semitrailer______________. 549 566 563 5638 589 5338 588 550 571 679 786 TAT 591 
ae anditrailer. Mere ssa Saal ee eo (1) (By Sc tees (1) 681 400 231 208 511 737 809 788 666 

Cra es een a eee one pe ain ne eT 5AT 565 559 560 596 533 577 534 568 692 793 758 596 

Average, all trucks and combinations_____ 158 207 171 183 227 122 18 e, all trucks and combinations___——_____- 1 148 yey 165 280 230 188 

pewcarariye average, 105 TS es. eee See 153 234 164 191 255 109 158 143 178 164 289 240 192 
omparative average, 1950_____-_______________ 137 221 177 189 251 102 142 146 170 160 289 233 187 

NUMBER PER 1,000 WEIGHING 40,000 PouNDS oR MoRE 

Single-unit trucks : 
aeele, Gabireu. teed en eee ed = oe ears ee 2 ON ny eet Rie Oe ; Bea Wakes Ba til NI Epa heat Cate, pacers el eee SS (3) Ale eee (2) (2) 
oe ce eres eS ee ee ee 124 152 58 92 114 25 27 sualal 79 59 31 40 72 

verae os seen Cees Mae Sok Ba 5 7 3 4 4 1 (2) 1 2 2 2 2 2 

Truck combinations: 
Truck-tractor and semitrailer____________ 357 841 363 853 353 221 377 353 341 469 mr ae 35: 664 594 377 
aeock and trailer set en oN ee eee ees (1) (LE) ge | eee (1) 551 200 168 387 379 527 620 592 500 

ViCRAsNG 2 baste a een e oe ea eee 356 341 361 352 369 221 371 338 343 482 652 593 386 

Average, all trucks and combinations____ 97 120 104 110 140 49 115 2 Pee een a Co nnn LONG a ee 92 105 110 21 169 118 
popuat ative averdy c,h Ob) ees eee eee 95 152 98 120 154 41 98 85 103 103 ae Tel TS: 119 
omparative average, 1950___2_ 78 135 95 109 140 45 82 79 95 106 214 167 110 

NUMBER PER 1,000 WEIGHING 50,000 PoUNDS oR MORE 

Single-unit trucks: 
eX GmO=t iT Go a ee ee ok tt Pe ee ee a ee ee |S ee 
penx le weet bed fee Bhs eS eet OP Mie 21 yi Mepis Tse ge 14 | sek te eo 19 foe 8B) Oo te ee Ole tee ele a [Sega ane tame? FRESE ees ewe ck Wel oir eller (ihe aen ee ee “SS 23 16 9 3 5 12 
Airota y cuss tr a tk er EA ea ee 1 1 (2) 1 1 (2) ee (2 (°) (2) (7) (2) (2) 

Truck combinations: 5 
Truck-tractor and semitrailer___________ 141 108 154 128 184 Al 209 180 rv wars 170 344 579 494 197 
eae Arieser ail ere eee Seka he es eS ee (Bi ay ene a? (1) AS 6M eee eae 152 31 834 A487 583 555 460 

Viena pC mes seen Dees Roe fo eee 140 109 153 128 208 | 41 207 173 178 376 580 510 215 

Average, all trucks and combinations 38 38 43 89 78 e, all trucks and combinations_____-__-_- 9 64 AT 4 
Comparative average, 1951________________-____ 31 ue, 36 50 87 6 54 34 oA a ae 188 ed 
Womparative averace, LO50 22 saree as 24 63 28 41 78 q 44 34 47 76 176 133 fy) 

1 Data omitted because of insufficient sample. 
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2 Less than 5 per 10,000. 
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Recommended W eight Limits 

Uniform regulations concerning maximum al- 

-lowable gross weights, axle weights, and axle- 

group weights have been adopted as a policy by 

the American Association of State Highway Offi- 

cials and recommended to the State governments 

for adoption.3 This policy recommends that no 

- axle shall carry a load in excess of 18,000 pounds, 

and no group of axles shall carry a load in excess 

of amounts specified in a table of permissible 

_ weights based on the distance between the ex- 

tremes of any group of axles. 

As might be expected, many vehicles were 

loaded in such a manner that they exceeded more 

_ than one recommended weight limit, and some 

4 vehicles had more than one axle loaded in ex- 

cess of the recommended limit. By counting each 

- vehicle only once, regardless of the number of 

' ways in which it exceeded any of the A.A.S.H.O. 

- recommended limits, table 11 was prepared to 

show the number of vehicles per 1,000 of each 

8 Policy concerning maximum dimensions, weights, 
and speeds of motor vehicles to be operated over the 
highways of the United States, adopted April 1, 1946, 
by the American Association of State Highway Offi- 
cials ; published by the Association in 1946. 

SOR ie emit oe Pe ee 
‘om tables 10-12 although the number type, both loaded and empty, that exceeded the 

limits by various percentages. Those vehicles 

which exceeded more than one provision of the 

recommended restriction were tabulated only in 

the column showing the highest percentage excess 

of any item. 

In the United States as a whole, the number 

of vehicles out of every 1,000 that exceeded the 

recommendations increased slightly, being 73 in 

1952 compared to 72 in 1951. A slight reduction 

in the number exceeding the recommendations 

was found in the West North Central region. On 

the other hand, a considerable reduction was 

found in the important Middle Atlantic and East 

North Central regions where the number decreased 

from 127 and 99 in 1951 to 107 and 89 in 1952, 

respectively. In all other regions, slight increases 

were found, the largest of which were in the New 

England and Pacific regions. The large reduction 

of vehicles exceeding the recommendations in the 

Middle Atlantic region is particularly gratifying 

because this is the region of the highest frequency 

of excessive loads, as measured by the A.A.S.H.O. 

standards. 

Regardless of the reduction in the Middle At- 

lantic region of the frequency of vehicles out of 

every 1,000 that exceeded any of the A.A.S.H.O. 

recommendations in 1952, when compared to 1951, 

that region led all others in the number of heavy 

loads. There were 107 vehicles for every 1,000 

x 

weighed, including empties, that exceeded one or _ 

more of the recommendations. Other regions, 

ranked in descending order, were New England 

(103), Pacific (101), East North Central (89), 

Mountain (69), South Atlantic (65), West South 

Central (54), West North Central (46), and the 

East South Central (38). 

In the United States as a whole, 73 vehicles 

out of every 1,000 were overloaded to some degree 

according to the A.A.S.H.O. standards, and 14 

out of every 1,000 exceeded some one of the rec- 

ommended provisions by 20 percent or more in 

1952. Compared to these frequencies, there were 

in the previous year 72 vehicles out of every 1,000 

that were overloaded to some degree, and 16 out — 

of every 1,000 were overloaded by 20 percent or 

more. Although these data indicate a slight in- 

crease in the number of vehicles loaded in excess 

of the Association’s recommendations, there is a 

gratifying reduction in the number of the more 

heavily overloaded vehicles. 

The frequencies of axle loads of 18,000 pounds 

or more, 20,000 pounds or more, and 22,000 pounds 

or more have already been discussed in connec- 

tion with table 9 and will not be discussed further. 

Table 12 shows the number of vehicles of vari- 

ous types per 1,000 vehicles with an axle-group 

load in excess of the limits recommended by the 

A.A.S.H.O. and in excess of the limits by various 

percentages. For the United States as a whole, 

Table 9.—Heavy axle loads per 1,000 loaded and empty trucks and truck combinations on main rural roads, summer of 1952 

Eastern regions Central regions Western regions 3 
United 

Vehicle type States 

| ae eee Beciaee A Nowth Saath Nosth South Averag eae Pacific | Average etn E Fi A verage or ou or ou verage| taj yer 
peteee) Alene een Central | Central | Central | Central tee 

NUMBER PER 1,000 WEIGHING 18,000 PoUNDS oR More 

Single-unit trucks: 
PPO BSG Noel BU Naas eA See len tec eal ee a e 45 53 28 41 13 33 11 21 18 39 23 30 27 
CSE rg Se ee EE cts bg eagle ee ee 190 158 76 111 34 83 10 118 50 84 19 39 70 
NMC AIS Ciera Fe, Sons eee at 30 SoG 15 24 8 17 6 9 9 17 9 13 14 

4 Truck combinations: 
Truck-tractor and semitrailer______________ 499 395 242 330 176 147 96 207 162 158 135 143 216 

be ELTucwKeen Gutrat ete. sea. es oe (Ga eis 9) | eck rea iene (4) 27D sable weer Sones 42 12 244 227 214 218 223 
a eASViGn ay ee ha mee fey RS Bah rey al ye 497 393 240 328 192 147 94 198 167 173 157 163 217 

fe Average, all trucks and combinations___________ 153 157 79 116 76 46 33 60 57 52 58 55 75 
Be Comparative average, 195]_--)) pos 0s 151 207 90 144 88 46 53 60 65 55 44 49 86 
‘3 Comparative average, 1950_-_______________-___ 137 208 100 147 98 63 45 67 72 83 69 75 96 

| 

NUMBER PER 1,000 WEIGHING 20,000 PouNDS oR More 

‘ | 

Bie Single-unit trucks: 
ip ZPASIO Ost Cone ene Nee So eS 29 28 8 19 1 13 2 8 5 13 4 9 10 
| ae ae OMe se ey me ran a en Hel 107 12 AT 25 ‘1G hgl owen? 23 19 21 8 12 27 
2 SA Wel AS Gree ey te tk ee Oy Sen oe eed 17 20 4 11 1 6 1 3 3 5 2 4 6 

_ | Truck combinations: 
az Truck-tractor and semitrailer______________ 305 207 79 254 50 27 15 57 41 33 25 28 111 
ot irucksandstrailers=: = 0-63 eS Se ae (2) sh ere (1) 380 Nese ae te ier en 24 il 40 31 28 

ae PAS CT! 2 Oi Sea See sarc ome 2 oe a a 304 206 78 252 49 27 14 54 40 28 29 29 105 

e Average, all trucks and combinations___________ 93 83 25 84 19 11 5 ayy 14 11 11 11 35 
B: + Comparative average, 1951.5 = 2 ead 97 129 35 79 16 11 12 21 16 17 5 10 34 
ae Comparativeaverarve, 195022. —ense ee 82 131 38 80 22 19 12 23 19 35 16 24 39 

, 

4 NUMBER PER 1,000 WEIGHING 22,000 PoUNDS OR MORE 
' 
¥ 

Single-unit trucks: : 
. Ea ae aie a ea nce 19 16 2 LOR blows, 2 (2) 4 1 [is eae a 3 5 
a | ipod 2152 Se eto Se ee ee a ee 28 49 2 19 aes ie fsa EP PD ic 18 8 4 (2) 2 10 

‘ UNG RED Wed Std 2G: (Cy I are eg eae RS, Pe ESE, 11 11 1 6 (2) 1 (2) 2 1 3 (2) i 2 
eB 

’ Truck combinations: : F 86 
Truck-tractor and semitrailer______________ 157 114 23 74 9 7 2 12 8 8 6 5 : 
aryckaandstraiers=.: se be 2 2 Tee Ae (Dit) | Cae ea ee ee (1) a Sh) | eh ee ei 3 cee Se he aloe Pe 10 2 q ss 
Ary eneig Gian eee tee eines rt i NES oi pl 156 118 23 73 9 7 2 11 8 6 6 6 2 

} 

: Average, all trucks and combinations___________ 49 46 7 26 4 2 1 4 3 3 2 3 i 
Gomparative average, Oho s2 5s ee 8 46 73 10 39 5 3 3 4 4 5 2 3 if 
Gomparativeraverace, 19502325) 2 ees 39 80 13} 42, vf 5 3 9 6 16 3 

1 Data omitted because of insufficient sample. 2 Less than 5 per 10,000. 
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Table 10.—Number of trucks and truck combinations, per 1,000 Table 11.—Number of trucks and truck combinations, per 1 ,000— 

loaded and empty vehicles, that exceeded the permissible loaded and empty vehicles, that exceeded any of the per- 

axle, axle-group, or gross-weight legal limits in effect in the missible load limits recommended by the A.A.S.H.O. by 

States by various percentages (maximum) of overload, sum- various percentages (maximum) of overload in the summer | 

mer of 1952 of 1952 

Number per 1,000 overloaded _| Number per 1,000 overloaded 
pee more than— ives more than— 

: per ; : per 
Region and type of vehicle 1000 5 10 20 30 50 Region and type of vehicle no 10 20 30 

“| per- per- | per- | per- | per- per-. | per- | per- 

loaded| cent | cent | cent | cent | cent loaded aie 

New England: New England: 
DEUS MGCL Oct se et ee ge 16 13 8 4 2 (1) : 2-axle, 6-tire 
Oiofasd Key. ied oS oe ee Seed 132 106 73 16 12 2 

Average, single-unit trucks _______ 12 10 6 3 1 (@) Average, single-unit trucks 
Truck-tractor and semitrailer______- 142 101 73 29 10 @) Truck-tractor and semitrailer 
RumeioanGitrall ene 02.28 olan ee Spee ee yet ph ah ae | dc [ane Truck and trailer 

Average, truck combinations ____. 141 101 73 29 10 () Average, truck combinations 

Average, all trucks and combinations 46 34 24 10 3 Q) Average, all trucks and combinations 
Middle Atlantic: Middle Atlantic: 
ete O= tILee eres eae eee 23 18 12 5 2 it 2-axle, 6-tire 
SEE pd aN ey es ee 116 92 77 54 38 15 3-axle 

Average, single-unit trucks _______ 17 14 10 5 3 1 Average, single-unit trucks 
Truck-tractor and semitrailer_______ 145 90 56 15 6 () Truck-tractor and semitrailer 
Miriyeksandtrailerien. = 32 => = BS 187 125 (yaa eel a EP EAes Me Se 4 Truck and trailer 

Average, truck combinations _____ 145 90 a Ay aise 6 (4) Average, truck combinations —___ 
Average, all trucks and combinations 61 40 26 8 4 if Average, all trucks and combinations 

South Atlantic: South Atlantic: 
ee RL EMO SUC s Smee emer) Whe Se le 15 6 4 we eee ES a 2-axle, 6-tire 
“hip (a i> ae Pee ee Ee 70 21 14 eee a eee 3-axle 

Average, single-unit trucks _______ 9 3 2 (AN A eae eae Average, single-unit trucks 
Truck-tractor and semitrailer_______ 150 88 52 19 q it Truck-tractor and semitrailer 
rock and trailer... 0.22 see 2 ems Po eee oe = OG | Cee OPA on Ba BH Truck and trailer 

Average, truck combinations —____ 149 87 52 ~ 49 7 1 Average, truck combinations 

Average, all trucks and combinations 49 27 16 5 2 (2) Average, all trucks and combinations 
East North Central: East North Central: 
ae O-tiT Cote a et ee ee 5 Tcahic = Sele ee ees ee 2-axle, 6-tire 
Senos ye a ees 49 28 27 | 43 | 13 |------ 3-axle 

Average, single-unit trucks_______. 4 wl 1 (1) (Dy ee oes Average, single-unit trucks 
Truck-tractor and semitrailer_______ 140 79 36 g 1 (*) Truck-tractor and semitrailer 
Mimic and trailers ae eee 923 120 58 13 ee see Truck and trailer 

Average, truck combinations ______ 147 82 38 8g i () Average, truck combinations 
Average, all trucks and combinations 57 31 15 3 (2) (7) Average, all trucks and combinations 

East South Central: East South Central: 

ve. Vea OE ee ee le ee ee ee 28 20 14 3 1 Meee ee 2-axle, 6-tire 
Sis 15 OE ahd ge EE ee a ee een ee oe SIE 68 48 31 14 |------|------ 3-axle 

Average, single-unit trucks _______. 15 10 7 9 (2) ieee Average, single-unit trueks 
Truck-tractor and semitrailer_______ 145 84 46 16 3 il Truck-tractor and semitrailer 
BRT ClasanG cL ATO. ato hme Aes ees cen a Pe MS nigh ee as Se Truck and trailer 

Average, truck combinations ______ 145 84 AG AES 16. 3 1 Average, truck combinations 
Average, all trucks and combinations 44 26 16 5 1 (*) Average, all trucks and combinations 

West North Central: West North Central: 
eae NG CITO ese - ae a 7 3 1 (1) |----- |------ 2-axle, 6-tire 

WGI@ . ceo case Seek es 55 32 22 Tee 
Average, single-unit trucks_______. 4 2 1 (1) |---=- |------ Average, single-unit trucks 

Truck-tractor and semitrailer_______ 148 93 Aq 12 3 (2) Truck-tractor and semitrailer 
cuckeandetrailer ssa soe see ene 66 37 Oolity en Se Truck and trailer 

Average, truck combinations ______ 146 91 46 | 49. 3 (2) Average, truck combinations 
Average, all trucks and combinations 48 29 15 4 1 () Average, all trucks and combinations 

West South Central: West South Central: 
Pe BlenGabiT Cec. 98 ede a ee 17 13 7 5 2 1 2-axle, 6-tire 
Sh O0 ae ee ee ee 101 88 59 fi? bees eS 

Average, single-unit trucks_______ 7 6 3 2 il (@) Average, single-unit trucks 
Truck-tractor and semitrailer_______ 189 126 a, 26 9 1 Truck-tractor and semitrailer 
stiruckwandvera Ler se a ae ae 7 Wea Weiss eee ON Eh ed | ee eel | eon Truck and trailer 

Average, truck combinations ______ 180 120 13 lator 9 sl Average, truck combinations 
Average, all trucks and combinations 54 37 22 “8 3 (3) Average, all trucks and combinations 

Mountain: Mountain: 

Disa SOR O= bil Ceca nn ee a 31 21 dah 5 ON ee 2-axle, 6-tire 
3) the dl (2. 2a: i EEE Re Oe ee ee) 92 87 48 29 fo 22 3-axle 

Average, single-unit trucks________ 14 11 6 3 i eee Average, single-unit trucks 
Truck-tractor and semitrailer_______ 189 122 74 29 7 1 Truck-tractor and semitrailer 
Rroekwendttradierc= ss) @ ost oS 218 157 83 29 Teas Truck and trailer 

Average, truck combinations _____ 195 | 130 76 24 9 1 Average, truck combinations 
Average, all trucks and combinations) 54 38 22 8 3 ) Average, all trucks and combinations 

Pacific: Pacific: 

ZaRelen O-tir Gate eee De ee Se ee 6 4 9.5) Sans || Se 2-axle, 6-tire 

TSA EE ee ee een ae anne 24 7 4.) ooo) 222 See 
Average, single-unit trucks________ 4 2 i Wed OR al (een | Se Average, single-unit trucks 

Truck-tractor and semitrailer_______. 125 80 41 16 8 3 Truck-tractor and semitrailer 3 
FLruck: andstrgiler. =.) opal sd gin Pe) 201 92 44 11 6 4 Truck and trailer 4 

Average, truck combinations ______ 146 83 42 15 7 3 Average, truck combinations 3 
Average, all trucks and combinations 51 29 14 5 2 1 Average, all trucks and combinations 1 

United States average: United States average: 

PanxionG=tire se Lee Ae Sy ees 15 10 6 2 1 (4) 2-axle, 6-tire # 
Regier bey eg i es ee ea ee ee 67 41 30 13 8 3 

Average, single-unit trucks ______ 9 6 4 il 1 (4) Average, single-unit trucks 1 
Truck-tractor and semitrailer_______ 151 93 52 16 5 1 Truck-tractor and semitrailer 2 
ruckand trailer =e eee 182 98 48 13 7 2 Truck and trailer 5 

Average, truck combinations ______ 153 93 52 16 5 1 Average, truck combinations 2 
Average, all trucks and combinations 52 32 18 6 2 (@) Average, all trucks and combinations 1 

Comparative average, 1951____________ 50 32 19 7 3 () Comparative average, 1951 1 
Comparative average, 1950____..-______ 67 44 27 11 5 1 Comparative average, 1950 3 

1 Less than 5 per 10,000. 1 Less than 5 per 10,000. 

the frequency of excessive axle-group loads in regions, and small increases were found in all North Central (61), Mountain (54), West North 

1952 was slightly higher than in 1951, although others. As in the previous year, the highest fre- Central (33), Middle Atlantic (32), South At- 

lower than in 1950. As in table 11, decreases in quency of excessive axle-group loads was found in antic (30), New England and West South Cen- 

the frequency of vehicles exceeding the axle- the Pacific region (91 per 1,000 vehicles), while tral (28 each), and East South Central (6). 
group recommendations were found in the heavily _ the regions in descending order of the number of It will be noted that a higher proportion of the 
traveled Middle Atlantic and East North Central vehicles with excessive axle-group loads were East vehicles have excessive axle-group loads in the 
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1 ‘able 12;——Number of trucks and truck combinations, per 1,000 loaded and empty vehicles, 
that exceeded the permissible axle-group loads recommended by the A.A.S.H.O. by 

--—s various percentages of overload in the summer of 1952 

Region and type of vehicle 

New England: 
DO COR tIT Cnn & ek ee ae es ee ne 
SECIS ae 5 ter SS AOE AE RES ea SS Se tee 

Averages sing le-uNit. Trucks sos ee ee aa 
Truck-tractor and semitrailer__.--__-_-=§____ 
PDRUCKRATIO SULA Tl Glee iets eee see ee ee See et 

Average, truck combinations 
Average, all trucks and combinations______________ 

Middle Atlantic: 
he Noi (ox SSS Def oe ae el coe rie _ Fae RA SN EE a as pee Sot ene Sod pha 
Bhp dks ee ee ee Sa Re Rae et heer a ee 

Average, single-unit trucks -- = so Ee ss 
Truck-tractor and'semitravler_. 222+ et ie 
hrucksa dy teaileromt sae yee SR ee oe ee ae 

Average, truck combinations 
Average, all trucks and combinations______-_-_-______ 

South Atlantic: 
DRA Re = GIT Ceri DA eg, ere yeti howe tee eh eh a 
Seep d Bey AS Sa SN oe en Oe SS Sir ae OS RNa) Eo oe eae ry Dmg 
Averase.iSIngle-Un trucks: — a= see wee 

Truck-tractor and semitrailer, =)" = = 1. - 55772) =. 
Ma CKeanGetr at ler eae 2 ete OE oe ee ee eS 

Average, trick comoinations-—-= == - =) 
Average, all trucks and combinations______________ 

East North Central: 
RK OMG ECL y Cues eee ee OTe td eo 
3-axle 

mAverace sing le-unit trucks. 22-022 = ee 
ihruck=tractor and ‘semitrailer=£0 5 2 see 
Aira cksalldetra lester 2. 205s Bee a oe ee ee Be ae 

Average, truck combinations. --— 
Average, all trucks and combinations___________ 

East South Central: 
DUK LOMO =ULE CMe eee tee ee en ee ee 
3-axle 

Averarersingie-unit trucks. 2s.) tee se 
iruck=tractorwna-semitrailer. 2) se. 3 ee ee 
SEruckten Cabral lens seine tes ean Sal Pie ee oe RIESE 

Average, truck combinations .________-______ te 
Average, all trucks and combinations______-________ 

West North Central: 
DEA klO ew O= Cll Cee! ae er ee hn eee ae Site ea 
Seg EC ee Be ee Oe Se ak eS, See aI ne See ae 
Averag ensimele-aunit trucks <2) 2.) 5 ee 

Truck=tractor and semitrailer =o") se es 
Mien cksa nd Cralleraer as ate oy Pe ee 

Average, truck combinations -2--= a. 22s 
Average, all trucks and combinations______________ 

West South Central: 
PAR Oo = UT: Got eee ee = eg ee od Sy ee Ne oe NE Pee BNET 
ss Toprip cel Kes 2g at ea Re aa ana i pace ie a cee ey el 

Averaven sine le-unitvtruckS= css.) eee oe See 
fErick-tractorsand semitrailers =). J) = 
Ninos (in Wied hel es 2 SaaS he a eee 
ANOVAS emtrucCkeOMpINatONn Gene wes es oe ee es 

Average, all trucks and combinations______________ 
Mountain: 

Average sing ile-unit trucks =. = es 
erick=tractomand Ssemitralleric see. ses ee 
Hin CKkaan Catrall Cry ceeree senate tone Oe ee Pe ee a 

Average, truck combinations ._.._-_--__-__.-_. = 
Average, all trucks and combinations______________ 

Pacific: 
Bae WES TS PR ep ae SPS ae ed ie Eg Rs Ee Ny ed eo ant CO 
tas Pe nc | Pee Ss SAR cone NT at ay et ene len esl a oe SOIR SE) 

Averaressinelée-unit trucks. 0-2-5. a 
Miicketractorand semitraller ses ee 
Birtickeand craven. sens es swe ener te RATE EL WN SE St ee 
Averaze.truckcombinations ..2 =) ee 

Average, all trucks and combinations_______ 
United States average: 

DEO Le O = Gil Cie ee te es bce weeny 2 ee ee 
aa K Ga eet eee weil ae ane 9 MRS Men Se Se at a 

Average; single-unit trucks. =. 
drucketractoreand Semitrallers = = 25 oe es ee ei, 
siruckKee nd etra lends see lo Ea i he ee 

Average, truck combinations __.-_--____. 
Average, all trucks and combinations______________ 

Comparativemmverace..10bia. a ee ee 
GComparativerayerace, 1 950 = eee ee So ee ee 

1 Less than 5 per 10,000. 

Pacific, Mountain, and East North Central re- 

gions than elsewhere, whereas table 9 shows that 

these regions are among those having the lowest 

frequencies of heavy axle loads, The far more 

frequent use of multiple-axle vehicles in these 

areas enables vehicle operators to distribute better 

their heavy loads. This is particularly true in 

California and other nearby States. 
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yes Number per 1,000 overloaded more than— 
er 

per 

oy 5 10 20 30 50 
londed percent | percent | percent | percent | percent 

\ 

2 1 1 es | rsa oh De Mie Ai ee Ft 
131 109 88 AT Porte sea 

5 4 3 1 (Eee 
93 64 43 20 6 a 

93 64 43 20 6 1 

28 20 14 6 2 () 

100 85 17 54 38 15 
4 3 3 2 iL 1 

83 58 34 16 7 2 

187 187 UPASS Nie mi eee | eel eS Sole 
83 BR 34 16 7 2 
32 22 14 i 3) a 

114 83 35 5 Tse eo’ 

5 4 2 (7) (2) es 
96 65 41 14 6 1 

95 65 41 14 6 1 

30 21 13 4 2 (1) 

BY) harem’ 14 13 L3 
1 oy Owe) Giles 

141 RA 44 aba 4 (1) 

162 108 66 23 9 1 
61 rr 25 9 3 0) 

Sy, 30 ay [eee || eee 
1 1 1 (2) ees SE | a ee 

23 10 5 1 (4) (2) 

23 10. 5 1 (1) (3) 
6 3 2 (@) (2) (1) 

(4) CEN tt se bs Dt we eal de 
22 21 17 PP ACS aa Wear Seed 
(1) (1) (7) (Cig Se Ss) eee 

108 62 23 6 1s | aaa ae 
42 Di ae ea cere ee ea en ret | et Me Lod 

106 60 22 6 1S ee 
33 18 % 2 (LP eee 

83 70 45 Bi Se ee ee TE 
1 1 Q) (CE) re epee Og Cae 

104 73 43 ity 5 1 
4 4 4 Sr Nein (NS 

99 70 Al 16 5 1 
“28 20 11 4 1 (2) 

81 55 43 17 Avaleepe ice 
3 2 2 1 ad ep ee ee 

221 159 102 32 9 i 
262 196 126 31 (EN eset ee 
230 167 107 32 7 1 
54 39 25 8 2 1 

12 2) se ee Re ee ee ee 
1 (2) Saale a a er ie eee 

239 186 119 33 a 3 
369 279 167 Li 7 4 

275 PANDA 132 29 8 3 
91 70 43 10 3 1 

(2) (1) ENO tie eee el a ta 
67 50 31 14 8 2 
2 2 1 (a) () () 

118 79 45 15 5 1 
302 247 LT2 52 19 5 
131 91 54 18 6 1 
Al 29 wey 5 2 (@) 
39 26 17 5 2 (2) 
44 33 22 8 3 1 

“In considering the data concerning the fre- 

quencies of vehicles exceeding the State legal 

limits and the A.A.S.H.O. recommendations, espe- 

cially the frequencies in the Middle Atlantic and 

New England regions, the fact should be recog- 

nized that higher limits generally are permitted 

under State laws in these areas than are recom- 

mended by the Association. Axles exceeding the 

recommended limits by as much as 25 percent 

may be within the legal limits of certain States, 

particularly in these two regions. Some States 

have no axle-group limits and one State has no 

prescribed axle-load limit in their motor-vehicle 

restrictions, a fact that further complicates direct 

comparison of excess weights based on law and 

those based on the recommendations. Compari- 

son of the frequency data for New England and 

the Middle Atlantic regions shows that only about 

one-half of the vehicles exceeding one or more 

of the Association’s recommendations actually ex- 

ceeded a State legal limit. Due to more stringent 

weight laws in the East South Central and in the 

West North Central regions, the frequencies of 

vehicles exceeding the weight limits in the States 

of these areas are slightly greater than the fre- 

quencies of those exceeding the Association’s rec- 

In the West South Central re- 

the 

State weight laws and of those exceeding the 

Association’s recommendations are the same. For 

the United States as a whole, over two-thirds of 

the vehicles exceeding one or more of the Associ- 

also exceeded a State 

ommendations. 

gion, the frequencies of vehicles exceeding 

ation’s recommendations 

legal limit. 
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Influence of Population, Me 
and Employment: on Parking 

BY THE HIGHWAY TRANSPORT RESEARCH BRANCH 

BUREAU OF PUBLIC ROADS 
Reported by S. T. HITCHCOCK 

Assistant Branch Chief 

RIOR to 1945, parking studies of limited 

P area had been undertaken with expedient 

methods but without effort of a comprehensive 

natire or for the entire business district. In 

1945, the first comprehensive type studies, 1 which 

now number 76, were initiated. Of the 76 park- 

ing studies, reports are available for analysis from 

58 cities (table 1). These studies are centered 

around the people who drive their cars to the 

downtown area, and information is obtained about 

where they parked, how long they stayed, where 

they went after parking, and for what purpose. 

The reports from these studies are proving to be 

extremely useful in the planning and develop- 

ment of local parking improvements. Because 

of the similarity of methods used in obtaining 

information in these 58 cities, the reports have 

much added value in permitting a comparison of 

conditions and data for groups of these cities 

haying similar characteristics. 

Many cities are generally recognized as being 

of a certain type such as a manufacturing city, 

a retail market center. a resort town, or a center 

of governmental activity. Different economic fac- 

tors have been used from time to time by market 

analysts and by other economists to express these 

differences. Several series of statistics that are 

available for this comparison provide an indica- 

tion of the economic classification of cities. These 

1 Proceedings of the Highway Research Board, vol. 
25, 1945, p. 269, and vol. 26, 1946, pp. 430-444. 

Average parking accumulation—The number 

of vehicles parked at a particular time is the 

accumulation at that time. The average parking 

accumulation is the average of the volumes 

parked at each one-half-hour interval from 10 

a.m. to 6 p.m. 

Employment in manufactures—Number of all 

employees (average for the year) for each urban 

place in each State. Census of manufactures, 

Bureau of the Census, vol. ITI, table 2, 1947. 

Employment per 100 population.—The number 

of persons who work in a city per 100 inhabitants. 

It includes employment in manufacturing and 

retail, wholesale, and service trades. 

Employment in retail trade—Number of paid 

employees, work week ended nearest November 

15, 1948, for each city in each State. Census of 

' business, Bureau of the Census, vol. III, table 103, 

1948. Retail trade-area statistics. 
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The principal objective of traffic studies of any type is to obtain information 

needed for planning the improvement of highway facilities. An auxiliary objec- 

tive of traffic studies is to improve the methods of making the studies, not only 

with respect to accuracy or completeness of the information, but also with respect 

to costs and time. A disturbing circumstance in making traffic studies is the length 

of time it takes to appraise a problem situation, obtain the information for solv- 

ing the problem, analyze the data, and present the facts and recommendations 

for programming improvements. 

The purpose of this discussion is to point out a few empirical relations which 

exist between certain basic economic factors such as population, retail sales, em- 

ployment in urban areas, and the parking of automobiles, one part of the traffic 

problem which has been studied in the downtown area of many cities. If these 

relations can be shown to exist, it should be possible to learn how to use them in 

making parking and traffic studies in a few weeks instead of months and with 

considerable less expense. 

Parking studies are one form of traffic studies, limited in most instances to 

problem situations in the downtown areas of cities where the economic interests of 

the community are centered and where traffic and transportation is focused to 

serve those interests. The increased use of the private automobile has made this 

problem one of common concern in all cities throughout the nation. The terminal 

problem in the downtown area is the concern not only of business in the area, 

but also of several departments of city government charged with the responsibili- 

ties of highway or street construction and maintenance, of traffic regulation, and 

of raising money for the administration of city government. 

are (1) census of population, 1950, (2) census 

of manufactures, 1947, (3) census of business, 

retail, wholesale, and service trades, 1948, and 

(4) economic classification of cities. 2 

2 Municipal Yearbook, 1950, p. 48. 

DEFINITIONS 

Employment in service trade——Number of paid 

employees, work week ended nearest November 

15, 1948, for each city in each State. Census of 

business, Bureau of the Census, vol. VII, tables 

103A, B, and C, 1948. Service trade-area statistics. 

Service trade includes automotive repair, laundry, 

cleaning, amusements, hotels, and restaurants. 

Employment in wholesale trade—Number of 

paid employees, work week ended nearest Novem- 

ber 15, 1948, for each city in each State. Census 

of business, Bureau of the Census, vol. V, table 

103, 1948. Wholesale trade-area statistics. 

G.A.F. retail sales —The dollar yolume of annual 

retail sales of general merchandise (G), apparel 

(A), and furniture, appliance, and furnishings 

(F) as reported in table 103 for each State. Cen- 

sus of business, Bureau of the Census, vol. II, 

1948. Retail trade-area statistics. 

Number of parkers——This is the number of 

vehicles parked in the central business district at 

For several years the International City Man- 

agers’ Association has published in the Municipal 

Yearbook a classification of cities based primarily — 

on retail and manufacturing employment char- 

acteristics for cities in different population group- 

ings. These factors and several others generally 

any time between 10 a.m. and 6 p.m. at the 

curb and offstreet, legal and illegal, and it in-— 

cludes trucks as well as passenger vehicles. All 

studies used in this analysis were made under 

comparable methods. In some instances modifi- . 

cation was necessary to develop volumes on a 10 

a.m. to 6 p.m. 8-hour period. 

Rank-size—A listing of cities ranked in order 

of size from largest to smallest. 

Retail trade-manufacturing employment ratio — 

Ratio of employment in retail trade business to — 

employment in manufacturing industry. . 

Urban population—Number of inhabitants of — 

urbanized area if 50,000 persons or more; places + 

under 50,000 population is the city population. — 

Tables 18° and 24 P-Al, Census of population, 

Bureau of the Census, 1950. > 

Vehicle cordon count.—A count of traffic cross- 

ing the boundary of the survey area. a 

, 
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.—Cities in which comprehensive 
parking studies have been made 

& : 1950 
Year population 

City and State of of 
study urbanized 

area 

Albert Lea, Minn.1______ 1947 18,545 
Albuquerque, N. Mex.?__. 1949 96,815 
Alexandria, La. _____ 1947 34,913 
Allentown, Pa.3_________ 1948 106,756 

micAnderson,:Ind._2 -- 2 =). 1948 46,820 
=Anderson, S. Cz22- 1947 19,770 
PAiiantay: Gace 1945 507,887 
Baltimore, Md.2 2 _—._- 1946 1,161,852 
Bethlehem, Pa.1 3_______. 1948 66,340 
Biddeford-Saco, Maine!__ 1950 31,160 

BosewJdaho se. es 1948 84,393 
Bristol, Va.-Tenn.t______ 1950 32,725 
Butlers Pale eo 1951 23,482 
CharlotterN.iCes 2 1947 140,930 
Chattanooga, Tenn._____ 1947 : 167,764 
Cleveland, Ohio__—______ 1948 1,383,599 
Clovis, N. Mex._________ 1950 17,318 
Coatesville, Pa.t________. 1951 13,826 

b.-Columbus, Ind._2 == 1948 18,370 
Corpus Christi, Tex.____- 1947 122,956 

Wallasvlexas= =e 1950 538,924 
“Decatur, Ind. = 2s. 1948* 7,271 
HAS TON eee eee Es 1948 35,632 
Eugene, Oreg.t__-_-_ 1952 35,879 
Evansville, Ind._________ 1949 137,573 
Fond du Lac, Wis.1_____- 1950 29,936 
Mrankfort, -Inds.2- 25. 1948 15,028 
Garyrcliid Bega ea 1949 133,911 
parrisbures Pascoe. ise 1946 169,646 
Honolulu; Post 2s eo = 1947 248,034 

Huntington, Ind._______ 1948 15,079 
Independence, Mo.1______ 1950 36,963 
Jacksonville, Fla._______ 1947 242,909 
Knoxvillesd ennee. 3 1946 148,166 
HCOKOMOS! (Nd: 2 25s oe 1948 38,672 
Lake Charles, La._______ 1947 41,272 
Lexington, Ky.12________ 1952 55,534 
Lincoln, Nebr.__________ 1950 99,509 
Louisville, Ky.__________ 1951 472,736 
Liynehburg; Vas =. = 1948 47,727 

Martinsville, Va._______. 1949 17,251 
Meadville-Pawc 1948 18,972 
Memphis, MWS sha Vo spel Ma 1950 406,034 

ace Miami; las ee 1951 458,647 
Monroe, suas oie Se 1947 38,572 
Morristown, N. J.1______ 1950 17,124 
Nashville, Tenn.1________ 1946 258,887 
New Haven, Conn.______ 1946 244,836 
INOLTIStOWN) basse 1949 88,126 
Ogden; Utah: to e= Fe 1952 57,112 

Omaha, Nebr._______ See 1948 310,291 
Pawtucket, R. I.8__.___ 1945 81,436 

Rortiand,.Oreg) 225 = 1946 512,643 
PortsmonbiNe bi. 2 1946 18,830 
Rotestowls Passos see. 1949 22,589 
Providence, Ry.L. 2-1 1S 1945 583,346 
Reading, Pa. ss 1947 154,931 
IUGnO WN eve = foe 1949 32,497 
Richmond eV ae = eps - 1948 257,995 
Roswell, N. Mex._______- 1950 25,738 

Rushville, Ind.t___-_____ 1950 6,761 
peuOuis, MO sesge are e 1950 1,400,058 
meattle, Washes 2s = 1946 621,509 
Peymour, Ind. 22 1948 9,629 
Spokane, Wash._________ 1947 176,004 

. Steubenville, Ohio 1_____ 1952 85,872 
Stevens Point, Wis._____ 1947 16,564 

pyracuse nN Y¥ooss2 oe * 1951 265,286 
Woledo; Ohio = 222227 2). 1947 364,344 
Topeka, Kans._--_____=» 1951 89,104 

Uniontown. base = 5 1950 4 
Wabash, Ind/.3 0 1948 ae 
Walla Walla, Wash.____. 1946 24.102 

" Waynesboro, Va.t_______ 1952 12,357 
ee West Chester, Pa.-____ = 1949 15,168 

Whichita,-Kans.22. 4 1947 194,047 

| ic ac a een 
_ 1Cities not included in this study because their 
| report was not received in time, did not provide 
sufficient detailed information, or data were not com- 

_ parable to the 58 cities studied because of unusual 
_ conditions in the area. 

* City population only. 

&. 3 Part of an urbanized area. Population shown is 
_ that of named city only. 

F 
used were listed in this analysis for each of the 

58 cities. As a result of an examination of these 

factors, it appeared that there were five group- 
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‘ings which could be readily recognized. Park- 

ing volumes for cities in each group were then 

studied in relation to the economic characteristics 

of the same group. 

Several approaches were made to compare 

parking habits and volumes with economic char- 

acteristics of cities, three of which appear to 

offer useful methods of estimating parking vol- 

umes: 

1. Rank-size order. Cities in which the park- 

ing studies had been made were arranged in or- 

der of size with respect to population, retail sales 

of general merchandise, apparel, and furniture 

(commonly known as G.A.F. sales), employment 

in manufacturing, and parking. 

2. G.A.F. sales and parking. The number of 

parkers per million dollars of G.A.F. sales was 

compared with urban population. 3 

3. Statistical evaluation. The standard error of 

estimate was determined for 17 different factors 

in 31 different combinations. 

Conclusions 

Based on these studies the following conclu- 

sions are warranted: 

1. Cities of similar economic characteristics 

may be recognized by types of employment 

and by population change, and may be 

grouped according to ratios based on these 

factors. 

2. The amount of parking in the central busi- 

ness district has an empirical relation to the 

overall economy of the community. 

3. Patterns of parking in a rank-size order 

have a definite relation to rank-size of cities 

of similar characteristics as grouped above 

with respect to population, G.A.F. sales, and 

employment in manufacturing. 

4, The volume of parking per one million dol- 

lars of G.A.F. sales has a definite relation 

to population. 

5. A statistically reliable relation exists be- 

tween parking volumes and certain inde- 

pendent variables, and for certain groups of 

cities an equation can be developed to ex- 

press this relation. 

6. Estimates made by rank-size order, by the 

relation of parking volumes to G.A.F. sales, 

and by statistical evaluation when compared 

with actual observed volumes indicate that 

the volume of parkers for the central busi- 

ness district, as a whole, can be estimated 

within reasonable limits of accuracy. 

7. Additional studies should be made to dem- 

onstrate how these relations» can be used 

in planning parking facility improvements 

either directly in relation to land use or in 

combination with other known relations in- 

volving available parking spaces, trip pur- 

pose, length of time parked, and distance 

walked. 

Economie Classification 

The factors which were found to be usable in 

grouping the cities according to economic condi- 

tions were (1) retail trade-manufacturing em- 

8 Gross retail sales and automobile parking require- 
ments by Floyd M. Jennings, Highway Research 
Board, Bulletin No. 19, 1948. 
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ployment ratio, which is the ratio of the number 

of persons employed in retail trade to the num- 

ber employed in manufacturing; (2) employment 

per 100 population; (3) percent of population 

increase for the period 1940-50; and (4) per- 

cent of employment in service trades, which is the 

percent of total employment in such establish- 

ments as amusements, laundries, dry cleaning 

places, and hotels. These factors are summarized 

in table 2. 

Employment in wholesale trade, motor-vehicle 

registrations in urban areas, total retail sales, ahd 

gasoline filling station sales were among other 

factors considered. They either duplicated trends 

apparent in the four factors selected, were not 

available for some cities, or were too far out of 

date to be used with assurance. 

A considerable range in economic activity is 

represented in this group of cities. Employment 

in retail trade and manufacturing together ac- 

count for more than one-half the total employment 

in all 58 cities and more than 80 percent in 31 

of the 58 cities. The distribution of employment 

between these two factors, however, varies from 

five persons employed in retail trade for every per- 

son in manufacturing in Clovis, New Mex., to one 

person in retail trade for every six persons in 

manufacturing in Anderson, Ind. (table 2). 

When cities are arrayed in order of the retail 

trade-manufacturing employment ratio, a progres- 

sive group classification can be made ranging 

from a group dominant in retail trade with a 

ratio of 1:0.2 through cities of decreasing retail 

trade importance to a group dominant in manu- 

facturing with a ratio of 1:4.2 (table 2). Group 

averages for employment per 100 population ar- 

ranged in the same group sequence increases from 

15 to 36 percent. Employment in service trades 

tends to increase with dominance of retail trade 

and, generally speaking, population growth tends 

to be greatest in the cities showing greatest domi- 

nance in retail trade. 

The population increase of 13.2 percent in 

group V cities is apparently inconsistent with 

the trend evident in the other groups and in rela- 

tion to employment ratios. One of the cities in 

this group, Columbus, Ind., is located near Camp 

Atterbury, and the exceptional population growth 

of 56.5 percent in the 10-year period 1940-50 may 

be due to this proximity. Wabash, Seymour, and 

Decatur, all in Indiana, are also in this group 

and show population growth contrary to the ap- 

parent trend. These cities and Columbus, accord- 

ing to the census of manufactures, show increased 

industrial activity from 50 to 120 percent in pro- 

duction workers in the 1937-47 period, whereas 

other cities in this group show increases of less 

than 25 percent. 

Individual cities vary somewhat from these 

eroup averages as might be expected, and 8 of 

the 58 cities do not seem to fit any of the 5 

groups. Whether other or additional groupings 

would be significant if more cities could be in- 

cluded is conjectural. 

Group I Cities 

Retail trade-manufacturing employment ratio 

ranges from 1:0.2 to 1:0.4 with an average of 

1:0.23 for the eight cities in this group. Employ- 

ment in manufacturing is less than 20 percent. 
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Table 2.—Population and employment in 58 cities in which comparable parking studies have been made 
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Miami Hila, oes = ee: 458.6 44.8 19.0 Tou 15.0 22.5 47.5 8.4 17.8 9. 19.7, 47.3 100.0 
‘Corpus Christi, Tex. -_- 122.9 89.0 12.2 17.6 RED: AT.7 By iae( 15.0 100.0 
Albuquerque, N. Mex._ 196.8 173.1 12:2 Boek 17.6 11.9 100.0 
Lake Charles, La. -___- 41.3 94.6 11.5 53.2 16.6 100.0 
Bose* Idahos == =. == 34.4 31.6 19.8 50.9 17.1 100.0 
WVGTIONEN CY pe 2 et Ps 82.5 52.4 24.9 42.9 38.5 100.0 
Roswell, N. Mex._____- 25.7 90.9 10.8 59.4 17.8 100.0 
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GROUP II CITIES 

12.2 109.9 100.0 
15.0 43.1 100.0 
14.5 33.0 100.0 
13.4 25.9 100.0 
11:2 19.5 100.0 
12,3 14.0 100.0 
17.1 L6U 100.0 

6.1 
4.6 

22.9 1 
21.8 
17.3 
20.8 
10.1 
12.2 
17.8 
12.2 
14.5 

33.7 2 
34.9 
39.1 
40.6 
41.3 
41.5 
42.3 
44.7 
46.0 

allan Lex | saat Sos 538.9 47.4 25.3 
Jacksonville, Fla._____ 242.9 18.2 Pei 
Wichita, Kans: .—_— 194.0 46.4 17.0 
Spokane, Wash._______ 176.0 32.6 16.0 
Wwineoln, Nebr. 2-22. 99.5 20.6 19.6 
Topeka, Kans. ___- Ped 89.1 16.2 15.7 
Monroe lua... oe 38.6 36.3 20.0 
Alexandria, La. ______ 34.9 29.0 L726 
Walla Walla, Wash. __. 24.1 33.0 19.0 
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28.3 
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25.2 
37.4 
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25.3 
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Group III CITIEes 

237.2 100.0 
115.7 100.0 
90.1 100.0 
85.6 100.0 
61.6 100.0 

100.0 
Slt 100.0 
6.2 100.0 
3.4 100.0 
3.5 
2.4 

Baltimore; Md._ 2. =. _ 1,161.8 10.5 25.0 120.9 51.0 69.3 29.2 
Seattle, Wash.________ 621.5 27.0 24.8 50.2 43.5 34.2 29.5 
Portland; Oreg:-—_ == 2 512.6 22.3 24.1 33.8 87.5 30.5 33.9 
Memphis, Tenn.______ 406.0 35.2 21.1 33.2 38.7 27.6 32.3 
Omaha, Nepriee ee 310.3 UPA 24.6 25.4 41.2 17.7 28.8 
Richmond,: Vachs == 258.0 19.3 29.3 28.0 41.5 22.2 32.8 
Knoxville, Tenn.______ 148.2 11.8 26.4 19.3 49.3 11.4 29.2 
@harlotte: Nis G.2s..- = 140.9 32.8 27.0 13-5 37.3 10.6 29.3 
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West Chester, Pa._____ 15.2 14.1 22.9 51.1 39.6 
Hranktort, Ind... -«.-—-— 15.0 9.6 16.2 48.7 41.8 
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310.0 100.0 
103.6 100.0 
96.6 100.0 
66.5 1000 
48.8 100.0 
38.7 100.0 
15.2 100.0 
12.5 100.0 
4.5 100.0 

21.8 
23.6 
23.2 
27.3 
21.6 
24.3 
26.1 
29.5 
24.5 

Stmuouisn Mosse. 28 1,400.0 
Louisville, Ky.2= —_. —— 472.7 
oledoe Ohio = 364.3 
Sy PACuserIN wYnee 5. 265.3 
Chattanooga, Tenn.___ 167.8 
Allentown, Pa._______. 1106.8 
iynchburr. Via. - =o AGT 
HMastonieeh aes. a 35.6 
Huntington, Ind._____- 15.0 

36.2 173.0 55.8 
28.2 55.6 53.7 
36.8 59.5 61.6 
30.2 35.3 53.0 
37.2 30.6 62.6 
36.2 24.2 62.5 
31.9 8.8 57.8 
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Cleveland, Ohio _______ 1,383.6 
Providence, R. I. .______ 583.3 
New Haven, Conn.____ 244.8 
Readings Paes = Je). 154.9 
Gaye indie. 

19.5 3 
20.7 
20.0 
21.8 
16.3 
17.6 
13.1 
18.2 
16.1 
19.0 
14.6 
20.0 
16.8 

iw) 354.3 100.0 
95.0 100.0 
55.6 100.0 
41.2 100.0 
46.3 100.0 
27.7 100.0 

100.0 
7 100.0 
4 100.0 
2 100.0 
3 100.0 
4 
2 

38.8 223.6 63.1 
16.3 61.2 64.4 
22.7 33.5 60.2 
26.6 27.1 65.8 
34.6 35.6 76.8 
34.1 20.9 75.4 
2s 22.9 82.0 
38.0 ilabes 75.5 
50.3 8.9 78.3 
44,4 6.0 73.2 
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3.3 
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Columbus, Ind. -______ 18. 
Wabash, Ind if 
Seymour, Ind. ___-____ 
Decatur, Ind 

49.9 2 82.2 
46.7 73.9 
44.1 76.9 

100.0 
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CITIES NOT READILY CLASSIFIED BY GROUPS 

Harrisburg, Pa._____ 169.6 
Evansville, Ind._______. 137.6 
Norristown, Pa.______ 38.1 
@Uniontown, Pa.______ 20.5 
Anderson, S.'C.22. 2. 19.8 
Meadville, Pa... 19.0 
Martinsville, Va. ____ ies 
Stevens Point, Wis.___ 16.6 

14.6 
29-1 2 
19.8 
32.5 
21 
20.5 
24.7 
20.3 

35.1 
63.0 
54.9 
31.6 
44.5 
36.9 
59.5 
49.9 

37.2 
21.9 
32.7 
48.5 
40.6 
47.9 
28.6 
31.4 
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1 City population only. 

* Modified to include an estimate for employment in nearby U. S. Navy Yard. 

® County figure. Urban place employment volume is not available. 
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to 24.9 and averages 15.2. This group also in- 

ludes the fastest growing cities of all the cities 

studied. Population increase during the 1940-50 

period averaged 81.1 percent (table 2). 

Economic activity in this group of cities is 

dominantly in retail trade with a much larger 

proportion of employment (20.4 percent) in sery- 

‘ice trades—hotels, service stations, amusements, 

and laundries, cleaning, and clothes repair estab- 

' lishments—than in the average city which is sel- 

dom more than 12 percent. This high percentage 

is an indication of resort centers and higher than 

average auto usage which is synonymous with 

esorts. Six of these eight cities are located in 

ssuch areas. 

roup II Cities 

Retail trade is dominant in the economy of 

“the cities in this group but more diversification in 

employment is evidenced. Employment in retail 

trade is slightly greater than in manufacturing. 

Employment in manufacturing exceeds 20 percent. 

Employment in both retail trade and manufactur- 

“ing comprises about two-thirds of all employment 

covered by the censuses. Employment in service 

trades is 14.1 percent, only a Jittle more than the 

“average of all 58 cities. The retail trade-manu- 

facturing employment ratio ranges from 1:0.5 to 

1:0.9. Employment per 100 population varies 

from 15.7 to 25.3 with an average of 19.0. 

- Population increase averages 31.1 percent for 

‘the 10-year period 1940-50 with the newer cities 

showing more increase than the cities which were 

well established before the advent of the auto- 
as 

“mobile. 

f eroup III Cities 

Economic activity in this group of cities may 

be considered to be nearly balanced, at least with 

“Tespect to employment in retail trade and in 

“manufacturing. Employment in manufacturing is 

e greater of the two but less than 50 percent of 

the total. The retail trade-manufacturing employ- 

‘/ament ratio ranges from 1:1.1 to 1:1.7 with an 
Baverage of 1:1.3. Employment per 100 population 

“a 

varies from 16.2 to 29.3 and averages 23.6. Em- 

‘ployment in service trades is generally 11 percent 

Population increase averaged 20.2 percent dur- 

ing the 1940-50 period. Here again may be noted 

the differences in pattern of cities which have 

experienced ‘the greater portion of their growth 

_ since the advent of the automobile, and those 

which were fully developed as cities before the 

~ automobile became a means of transportation. 

e 
Group IV Cities 

es 
if 

hee 

SPIER, 
Economic activity in these cities is dominantly 

a manufacturing, although employment in retail 

‘trade represents nearly one-third of the employ- 

rat 

"ment in some instances. The retail trade-manu- 

facturing employment ratio ranges from 1:2.0 to 

‘1:2.9, and averages 1:2.5 for the group as a whole. 

Employment in retail trade is more than 20 per- 

“cent, Employment per 100 population varies from 

28.2 to 37.2 and averages 33.5. Employment in 

service trades is low, 7.3 percent of all employ- 
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Population increase in this group, on the aver- 

age, is less than that in the first three groups and 

averages 7.7 percent for the group as a whole. 

This is somewhat less than the average for all 

cities in the country. No “new” cities are rep- 

resented in this group. All were established urban 

communities before the development of the auto- 

mobile, although all have shown some growth 

during this period. 

Group V Cities 

The economic activity in this group of cities is 

dominantly industrial in character, as is indicated 

by the relatively high proportion ,of employment 

in manufacturing in comparison with that in re- 

tail trade. The retail trade-manufacturing em- 

ployment ratio ranges from 1:3.0 to 1:6.4 and 

averages 1:4.2, Employment per 100 population 

varies from a low of 16.3 to a high of 50.3 and 

averages 36.4. Employment in service trades is 

low, averaging 4.2 percent of all employment. 

Rank-size Rule 

After having established these groupings of 

cities by recognizing differences in certain eco- 

nomic characteristics, it should be possible to 

determine whether the relative amount of park- 

ing differs for these different groups; and if so, 

how it differs, and if these differences can be 

estimated. 

The rank-size rule suggests one method for 

making such a determination. Economists for 

many years have recognized an empirical relation 

which exists in the distribution of urban popula- 

tion in large continental areas.4 It was first rec- 

ognized in Europe where it appeared that the 

economy of cities was somehow interconnected 

in spite of national boundaries. Regardless of 

change in population over the years, if all cities 

are arranged in order of population for any census 

period, the ratio of the population of any one 

city to the population of the largest city is ap- 

proximately the same as its rank. 

The rank-size rule means that the 10th largest 

city is about one-tenth the size of the largest 

city, and the 100th largest city, one-hundredth the 

In the United States, 

for example, the urbanized area of New York 

has a population of 12.30 million persons. Ac- 

cording to this theory the 10th largest city should 

have a population of about 1.23 million. Actually 

Cleveland, the 10th largest urbanized area, had a 

population of 1.38 million persons in 1950. The 

100th largest city, the Bristol-New Britain urban- 

ized area in Connecticut, had a population of 

123,079, almost exactly one-hundredth the size of 

New York. 

This indo al 

where r = rank of a particular city in population. 

size of the largest city. 

relation ® has been stated as 

P = population of the particular city. 

q = constant (in the United States = 1 

approximately) . 

K = constant for largest city population in 

the group (in the United States this 

would be New York where r = 1). 

4 Christaller, Loesch, Stouffer, Zipf, Isard, among 
others. 

5 Quarterly Journal of Economics, Harvard Univer- 
sity, May 1951. 

With the population of an individual city so 

closely determined by its rank in relation to all 

cities, it would appear reasonable to assume that 

the economy of each city might also have some 

similar relation to that of the other cities, and 

further that communication and transportation 

might also reflect some relation to this economic 

activity in the interchange of goods and persons. 

Inasmuch as the stores and office buildings where 

much of this interchange takes place are usually 

clustered in the downtown area of most cities, it 

is reasonable to study those factors which are cen- 

tered there or which are dependent on that area 

as a center of a much larger trading area. 

Factors Used in Ranking 

These 58 cities were ranked in four different 

ways: (1) in order of urban population, (2) in 

order of volume of retail sales of general merchan- 

dise, apparel, and furniture (G.A.F. sales), (3) 

in order of employment in manufacturing, and 

(4) in order of number of parkers. These are 

detailed in table 3. Other factors involving em- 

ployment in retail trade, motor-vehicle ownership, 

and gasoline service station sales were also tested, 

but were discarded since it appeared that they 

duplicated one of the other rankings or were in- 

complete for some of the cities. 

The purpose of making these rankings is to 

determine if similar proportional relations might 

exist with respect to parking volumes as exist 

with respect to population, or if some patterns in 

ranked position might be typical of certain eco- 

nomic characteristics. 

Information for establishing proportional rela- 

tions with respect to parking volumes proved to 

be inadequate because the largest parking volume 

and the city having the largest parking volume 

are unknown, and because 58 studies are too few 

to establish a ranking representative of all cities 

in the United States. Fifty-eight cities represent 

but 2.4 percent of all cities of 5,000 population 

or more. 

When the rankings of these factors for each 

city were compared, five fairly distinct patterns 

were apparent if the pattern with respect to park- 

ing is omitted. Examination of the cities in each 

of these five patterns revealed the fact that, with 

but a few exceptions, the cities were the same 

as those grouped according to similarity of eco- 

nomic factors. Accordingly, a pattern represent- 

ing the averaged ranked positions for each group 

was developed as being characteristic of that 

eroup. Of the remaining eight cities four have 

patterns similar-to one of the five ranked patterns, 

but not having economic characteristics classifi- 

able in the five groups, they have been omitted 

from further comparisons. The remaining four 

have some eccentricity which does not seem to fit 

any of the five patterns. After having recognized 

these general patterns, the ranked characteristics 

of the factors including parking are discussed for 

each of the economic groups. 

Group I Cities 

The characteristic pattern of the rankings of 

the four factors in the eight cities in group I finds 

the ranked position of urban population and 

G.A.F. sales almost the same, employment in 
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Table 3.—Ranked position with respect to urban DEPHIatOn, G.A.F. sales, etinlomment! in 

f 

manufacturing, and parking in 58 cities in which comparable studies have been made 

City and State 

Ranked position in— 

Urbanized G.A.F. Employment in Number of 
area retail sales manufacturing parkers 

population 

SisliGuiss Mosse eo oe 1 3 2 1 
GleyclandwOhios 2229 ~de aN es 2 1 a 2 
Balomore, Md. ee eS 3 2 3 8 
Nedthlex Wash. ase ci ee oye 4 5 7 6 
rOVIgence nts la. seer = eer a, 5 12 4 18 

Dap s5 psc es Se ee ee PR Be 6 4 10 3 
morhiand tOrey ono. a eat we 2) 7 6 11 4 
MGMISVLLLOMK yet eB 8 8 6 9 
JPET) bp ee Oe ae 9 “it 32 7 
Memphis: Lenn. 2" <5 2 Oe hy 10 7 a 13 17 

“WAY ete Liss OD 6 Ca i ie 11 9 5 isl 
GyiahawNebriees = eee ee 12 13 17 14 
ROR CUSOUIN GY fe eee ene 13 14 9 19 
Perch Ons V disse 2 oe Se eat 14 10 15 10 

INewsrtaven, Conn. 2. 2) 72s 15 16 12 28 

packsornwville, Wlase se on ts oe 16 15 24 12 
Wichita a neseeculi= to Soter Se -17 18 26 5 
NDOKANe Wiese ee eS ae ar oe 18 19 33 16 
Fianmsburee ed. te ee 19 21 29 26 
Chattanooga, Tenn.2--- =. > 52-2 20 23 14 24 

Readine wage 2 oo re) eee, 21 24 16 29 
LeGaveb.oral HES US Dpalge at ee eens ee 22 17 22 37 
Charlotte Ni Ca ie se 23 22 23 21 
Evansville: Indies sees ee 24 26 18 20 
coay sind seseenteee a) ee: Sn Pe 25 25 8 32 

Corps; Christy, Lex 2 =e suen- 26 28 40 27 
Awlantowmns: bates 2 tas tian 2 a 27 20 19 30 Uancolny Nebr ete 28 27 30 15 
Albuquerque, N. Mex.._.____ 29 29 49 22 
monekak Kans te et ens 30 30 35 13 

Ramiiicket Ren isota. | Pe 2 else 31 31 21 40 
AE VNCH DUT Say Vee sr tr, te i See 32 37 28 31 
Pei Gersonevinids te eke bs oe 33 38 20 49 
Make:Gharles; La.g2)— Ss. 34 Al 55 44 
ENOIROMOs 4) nd pene ae ts en ee 35 42 25 46 

WMontroesnass- ses see & sie Ft 36 34 - 45 45 
NorrIstOWw Ne ane == ee. ss 37 40 37 38 Hips toneebawester tae ee Na) 38 32 31 34 Mexandrianlian 5 —  t 39 39 48 47 BOINCHN Cano Ses = Wa te 40 33 54 25 

ICU OmIN C Vater arte oe ee Sele et 41 86 56 23 
Roswell Nie Mex! = seks = ee 42 AQ 57 33 
Walla Walla, Wash: 2. = 43 -44 52 Al 
PPO UGS BO Wales Pippen ee 44 45 27 39 
WNIONCO WIT, ase a ee ae pe 45 35 | 44 35 

PANG GLS OTT oo. Ore we ease Bees bes 2 46 43 43 36 
Moadville; Paves aoe. Se Fence 47 46 50 43 
ortsmouths Nop H so. sete ee 48 58 51 56 
folumbus el nde == weer oe te 49 51 34 48 
Glovinee Nee Mexet& a 2! Sess 50 52 58 42 

Martinsville sVias- 2 2 tes be 51 48 41 54 
Stevens Point;’Wis:....2 => 52 50 | AT 53 WiesteChester< Pao. sey en 53 49 46 50 bunting toms nd ot a 54 54 39 51 
TEETH LS HO) ed Bas | ae eal ene fee aia a 55 55 | 53 55 

Wiabashiglnidie seme socio nee 2 0 56 57 36 52 
DevmMouts nde eee Ge 57 56 38 57 ecatunmind.~ mae then sda ee tee 58 58 42 58 

manufacturing considerably lower, and parking in 
a higher ranking position. For the group as a 
whole, the average city ranks about 17 places 
lower in employment in manufacturing than in 
population, while parking ranks 8 places higher 
than population (fig. 1). These differentials are 
not so great in the larger cities probably for the 
reason that fewer cities are represented in the 
upper range of values, and hence there is less 
change in ranked position. The patterns with 
relation to employment in manufacturing, popula- 
tion, and G.A.F, sales are nearly all similar. 

Relatively low income and consequently low 
motor-yehicle ownership, travel, and hence park- 
ing may be the influence which positions parking 
in Lake Charles in an opposite direction from 
that of other cities in this group. The ranked 
position of ‘parking for Corpus Christi is not as 
high relatively as for the other cities in this 
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It is a resort city but the 1:0.4 retail 

trade-manufacturing ratio is lower than the aver- 

age for the group (table 3). 

group. 

Group II Cities 

The characteristic pattern of the rankings of 

the four factors for the nine cities in group II 

shows a similarity to group I, but with less dif- 

ferentials in rank between employment in manu- 

facturing, parking, population, and G.A.F. sales. 

The average city in this group ranks about eight 

places lower in employment in manufacturing 

than in population, and about the same amount 

higher in parking (fig. 1). The patterns of the 

three economic factors other than parking are 

similar. 

The rank of parking in Wichita, Lincoln, and 

Topeka with respect to population is greater than 

in ranking to be less in the larger cities as in the 

for group I cities. These three cities have idl 
tively wide streets and, with angle parking per-| 
mitted at some curbs, have larger numbers of 

curb spaces available than in the average city. ys 

Lincoln and Topeka are both centers of govern: 

ment employment which is not included in the 

computation of employment ratios. With many 

government employees parking in the downtown 

area twice a day as they do in the cities of this 

size — going home for lunch — the number of 

parkers is duplicated to some extent. This could 

account for the increased rank position of these 

cities with respect to parking (table 3). 

The ranked position of parking in Alexandria 

and Monroe, La., is lower than for other cities 

in this group. Low parking with respect to popu- 

lation and G.A.F. sales is characteristic of cities 

where the economy is dominated by manufactur- 

ing, but this is not the case in these two cities. 

It appears as in the case of Lake Charles that 

for the city as a whole, they are low income cities- 

which means low purchasing power, low car own- 

ership, and hence, low parking volumes. 

Group III Cities 

The characteristic pattern of the rankings of the 

four factors for 11 cities in group HI shows the 

rankings to be approximately the same for all 

factors. There is a tendency for the differential 

other groups. For the group as a whole, there 

is less than one position variation in rank in any — 

one of the factors with relation to any of the 

other factors (fig. 1). A spread of five or six 

positions between high and low rankings for the 

four factors is not significantly different for indi- © 

vidual cities, particularly in the smaller cities — 

where six cities lie between the 50th and 55th 

positions inclusive for population with a variation — 

between 15,000 and 17,300 persons (table 3). 

The ranked position of parking in Memphis, — 

Baltimore, and Knoxville is somewhat less than 
for the group as a whole. In these cities, as in 

the three Louisiana cities, the proportion of non-— 

white population is large, the purchasing power 

less than average, and hence automobile owner- 

ship and parking could be expected to be less, 

but all of the cities in this group have similar 

patterns with relation to employment in manu- : 

facturing, population, and G.A.F. sales. ; 

Group IV Cities 

ny ertet eae The characteristic pattern of the rankings of the 

four factors for the nine cities in this group shows — 

no appreciable difference as far as population, — 

G.A.F. sales, and parking is concerned. Ranking © 

with respect to employment in manufacturing for 

the group as a whole is about six positions higher 

than for other factors. The reason for the. up- _ 

swing in ranked positions for parking in Lynch- 

burg is not apparent. It has similar patterns of — 

rank with respect to the other three factors. 

Group V Cities 

The characteristic pattern of the rankings of 
the four factors for the 13 cities in this group — 

shows a reversal in position with respect to the | 

cities in group I. Generally speaking, the cities — 
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_ Figure 1.—Relative rank of parking, employment in manufacturing, and G.A.F. sales with é 
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_ in manufacturing than in population. Ranking in 
. 

_ G.A.F, retail sales is about three positions lower 

~ than population, and parking is about five posi- 

tions lower than that (fig. 1). Here again the dif- 

ferential in ranking is less in larger cities. 

The patterns of the ranked positions of Potts- 

town, Pa., and Columbus and Wabash, Ind., show 

a relative higher ranking for parking than for the 

‘group as a whole. The actual differences in rank 

for these cities represent relatively small volumes 

of parkers. Pottstown, for example, although 

‘ranked 39th in parking with 10,600 parkers, is 

Jess than 10 percent greater than the 45th city 

having 9,600 parkers. 
Where a given city in group I has a ranked 

generally have a ranked position with respect to 

parking of P — 8.3 although some judgment should 

be used when the cities under consideration are 

at the extreme ends of the rankings (table 4). 

This is shown graphically in figure 1. 

If the groupings which have been established 

were based only on rank-size patterns, Norris- 

town, Pa., Martinsville, Va., Stevens Point, Wis., 

and Meadyille, Pa., would also be included in one 

of the groups. Ranked position of the remaining 

four cities do not seem to fit any of the five pat- 

terns, nor are there enough studies involving pat- 

terns of their type to suggest more than five pat- 

terns of rank-size characteristics. Reasons for their 

eccentricities are not apparent. 

Consideration of these rank-size patterns seems 

to confirm the groupings of cities made on a basis 

of economic classification and to indicate that with 

known ranked positions of population, G.A.F. 

sales, and employment in manufacturing, a defi- 

nite relative ranked position in parking can be 

expected to follow. Further, it appears that with 

se 

4 

é known parking volumes for each rank (fig. 2), the 

_ volume of parking can be estimated for cities in 

PY 

rd 

which parking studies have not yet been made, 

- but which can be properly grouped by use of the 

~ economic factors. 
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position with respect to population of P, it will 

respect to population in five groups of cities in which comparable parking studies have 

G.A.F, Sales, Population, and Parking 

The second approach to this study is the rela- 

tion of G.A.F. sales, population, and parking. 6 

Kenneth C. Welch, vice president of the Grand 

Rapids Store Equipment Co., has studied the rec- 

ords of the Comptroller’s Congress and of other 

agencies summarizing data relative to retail sales 

over a period of more than 20 years. As a result 

of these studies, a relation was developed between 

parking area requirements and the retail sales 

dollar. When this subject was presented, hope 

was expressed that this relation could be given 

further study under a wider range of conditions 

and with more data. The completion of reports 

6 See footnote 3, p. 249. 

70 

60 

50 

40 

on parking studies in more than 50 cities pro- 

vides quantitative information about parking vol- 

umes for the central business district. The census 

of business for 1948 provides information on the 

volume of retail sales in each city. Some of this 

yolume accrues to stores which are not necessarily 

part of the downtown area and in many instances 

are not. Examples are food, lumber, gasoline 

service stations, and drug stores. Sales of gen- 

eral merchandise, apparel, and furniture, appli- 

ances and furnishings (G.A.F. sales) are generally 

downtown functions. 

In this article it has been assumed that they 

are a measure of the retail sales in the entire 

downtown area. There are other functions in the 

downtown area which attract traffic and persons 

such as recreational facilities, professional serv- 

ices, etc., but from many points of view the down- 

town area may be considered as one big depart- 

ment store with the many auxiliary services needed 

to support the economy of the trading area of that 

big store. The underlying principle of this as- 

sumption is that parking requirements of a com- 

munity are more closely allied to the volume 

of retail business than they are to any other single 

factor. 

The thought inherent in this basis for estimat- 

ing parking needs is that retail sales is a source 

of data that, when analyzed, provides a com- 

munity with a true picture of parking require- 

ments and not merely a picture of an existing 

parking pattern. 

needs of large individual retail units or a group 

of units comprising even the entire central busi- 

ness district. In most cities of the size under 

consideration, retail sales of general merchandise, 

apparel, and furniture and furnishings (G.A.F. 

sales) are a central business district function. 

Other retail sales are generally in “convenience” 

locations near consumer residences or near rail- 

road stations or sidings for bulky merchandise. 

There are some nonretail land and structural 

uses in most central business districts, but the 

30 
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Figure 2.—Number of parkings and ranked position with respect to number of 
parkings in 58 cities in which comparable parking studies have been made. 
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Table 4.—Ranked position with respect to urban population, G.A.F. retail sales, 

employment in manufacturing, and parking in 58 cities in which comparable studies 

have been made 

City 
and 
State 

’ tes 

Ranked position ! in— 

Urbanized | G.A.F. 

area retail 

population | sales 

Employment in 
manufacturing 

Numbers of 
parkers 

Group I 

VERONA EON tel eee eet Se 
RorpusCHristin Lex, 2.6 5° or SA 
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Pe kewendrles li8 sess 22 sk De 

PROS Wel NaI ek se ok ee see 
NERO CASHIN nV OX ee eee ee 

Mase exe a eon re SLs 
ark SOMVLUer Hasse wee we ee 
Wichita hans.=pes= oes 2 ore ee 
BOKER ARC 2 = sheer a ee ee 
incom. NebInie dys. we A ee te 
PROpeka Nang. nosso ee ee ee 
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RS tGnar aoe oeeees 8 eis Ae ae 
AIM GINe CON dat se 

Gleveland: Ohiows 2 se zee 
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BD Ocsiuiaiers ra ee eee ee 2 

2 1 
5 12 

15 16 
21 | 24 

25 
31 31 
33 38 

35 42 
(44) (45) 
(49) (51) 
(56) (57) 
57 | 56 
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Sto aly Guba att pe SPR) ee | 
Bene valle ds see eee US 
Normistown) Paco es C2 ae 
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19 21 
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1 Figures in parentheses were not used in determination of average relative rank. 
* Classifiable with respect to rank position but not by employment ratios and population increase. 
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retail sales and professional offices. Remaining | 

uses are not major factors affecting the “total 

space requirements” for the entire district. Exist- 

ing land-use patterns demonstrate that as much | 

as 45 percent of the offstreet property is devoted 

to retail sales purposes, and on an area basis in- | 

cluding upper floors an even greater proportion — 

is so used. The use of gross sales to reflect park- 

ing requirements is thus suggested as a basis for 

estimate. 

The development of this basis for estimating 

parking needs recognizes that the extremely large 

cities, those of a million population or more and— 

even perhaps a few nearing that size, cannot pos- 

sibly solve the problem at the present time under 

existing urban land patterns. But in cities rang-~ 

ing up to one-quarter or one-half million people, 

the size and proportions of the central business — 

district area remain in a functional character in | 

a limited area, and are not too large in relation 

to the parking problem to be solved. There are 

in the central business districts of these cities 

extensive areas of land lying in the submarginal 

areas commonly called blighted commercial land. 

These areas present an excellent opportunity for 

providing parking as well as recovering some lost 

tax values. ’ 

Classification of Retail Trade 

The Bureau of the Census in its census of — 

business classifies retail trade in three business 

groups: convenience goods, shopping goods, and 

all others. 

Convenience goods include foods, drugs, gen-— 

eral stores, and gasoline service stations compris-— 

ing 36.5 percent of all retail sales, but which are 

bought near home and except in very small cities 

are not in the central business district. 

Shopping goods include general merchandise, — 

apparel, and furniture, the G.A.F. group amount- — 

ing to 25.3 percent of all retail sales and are pre- — 

dominantly found in the downtown areas. ; 

All other groups include automobile, lumber, 

eating and drinking, and other stores 

amounting to 38.2 percent of all retail sales. Au-— 

tomobile sales, although.at one time in downtown — 

areas, are now generally located on “automobile — 

row where land values are cheaper and where 

more space is available for display and garage 

facilities. Lumber and fuel are usually sold from 

areas near railroad sidings where land values are | 

cheaper than in the downtown area, and where 

appearance is not a factor in the esthetic value — 

of the neighborhood. Eating and drinking places, — 

even if downtown, do not add much to parking 

requirements during the business day since pa- — 

trons are generally downtown for other reasons — 

such as work or shopping. In the evening park- 

ing requirements are normally less and adequate — 

space is then available. ; 

fuel, 

By recognizing that certain retail business estab- 

lishments are usually grouped in the central busi- — 

ness district, it is possible to use 1948 census 

figures on gross sales and make estimates for | 

problem areas to the extent that the statistics are — 

in common for the area. e 
Other references are made as to uses made of _ 

these same census statistics such as those of ra 



Homer Hoyt in his paper presented at the Janu- 

ary 1952 meeting of the Highway Research 

Board. Sears, Roebuck and Co. has used annual 

retail sales of $10,000 per car space as a criterion 

for planning their parking space needs. Super- 

“markets have used $15,000 per car space, a larger 

figure than Sears, Roebuck and Co. since the time 

per sales transaction is not so long. 

The relation of urbanized area population and 

‘the number of parkers per million dollars of G.A.F. 

sales is shown graphically in figure 3, while sup- 

“porting data for each of the 58 cities studied are 

included in table 5. At first glance it appears 

that there is a wide range of values obtained, and 

this is true if no further consideration is given 

.to differences in the economy of individual cities. 

_ The nature of dominant employment in cities is 

an indication of the economy of each city, and 

4 statistics are available from census sources classi- 

_ fying employment as to manufacturing, retail 

_ business, wholesale business, and service trades. 

4 When the averages are used for each of the 

Bs conventional census population groups, the aver- 

9 age curve clearly indicates that a definite relation 

exists between parking, G.A.F. sales, and popula- 

tion (figure 3). It should be noted that all of the 

cities in economic groups I and II with but two 

exceptions, Monroe and Alexandria, La., are on 

the average curve or above it, and the curve for 

- these retail cities has been drawn-to indicate a 

reasonable upper limit to be expected for cities 

4 within the range of those in these studies. 

It appears that cities dominant in industry, 

_ groups IV and V, are generally below the aver- 

age curve, and the industrial curve has been 

_ drawn as a reasonable lower limit for cities within 

- the range of those in these studies. Group III 

_ cities are generally closer to the average. 

Here again it would appear that knowing cer- 

tain economic characteristics of a city such as 
: 
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population, and dominance in industry or retail 

trade, it should be possible to estimate parking 

volumes for a given city by determining the group 

of cities in which the particular city falls, and 

assuming that the relation between parking and 

G.A.F. sales also holds. 

Statistical Evaluation 

The facts with respect to population, employ- 

ment, sales, and parking in the discussion on eco- 

nomic groupings of cities on rank-size and on 

G.A.F. sales seem to indicate that parking volumes 

bear some relation to the basic economy of urban 

areas. The third approach in this analysis was 

to make a statistical evaluation of whatever 

relation these factors might have, so that some 

assurance might be placed on estimates of the 

parking volumes as 

limits. 

being within reasonable 

Before proceeding with the. development of an 

equation, assurance has to be obtained that a 

definite relation exists between the particular 

data, in this case parking volumes, and the in- 

dependent variables and the extent of this rela- 

tion measured. By using the multiple regression 

method,7 it is possible to measure the degree of 

reliability of an estimate derived from an equa- 

tion based upon the interrelation of one series 

of data (parking 

variables or factors. 

volumes) and independent 

Factors Studied 

Seventeen factors were tested in 31 different 

combinations. The maximum number of factors 

used in any combination was four and many com- 

binations were not tested. Several of the factors 

7 Methods of correlation analysis by Mordecai 
Ezekiel, John Wiley & Sons, Inc., New York, 1930, 
chs. 12-13. 
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urban population and the number of parkers per million 
dollars of G.A.F. retail sales, 

were closely related with each other such as 

population, G.A.F. sales, gasoline filling station 

sales, and the number of employees in retail 

and wholesale trade. The use of any one of these 

factors in an equation duplicated to a large ex- 

tent the use of the others in this group. Factors 

tested in relation to parking volumes are as 

follows: 

. 1950 urban area population. x 

. Percent of employees in manufacturing. 

. Percent of employees in retail trade. 

. Area of central business district. 

G.A.F. retail sales. 

. Rural population per square mile. 

. 1950 county registration of vehicles. 

.G.A.F. sales per capita. 

. Gasoline service station sales. 

— oS . Number of employees in retail trade. 

— — . Number of employees in retail and service 

trades. 

12. Number of employees in retail, wholesale, 

and service trades. 

13. Number of parking spaces. 

14. Area of urbanized area. 

15. Inbound cordon count of vehicles, 10 a.m.— 

6 p.m. 

16. Curb parking spaces. 

17. Percent of all parking spaces at the curb. 

A considerable range is represented in the 58 

cities in which comparable parking studies have 

been made. Not only are cities ranging in popu- 

lation from 7,300 to 1,400,000 represented, but 

different areas of the country are included. Some 

of the tests were limited to groups of the 58 

cities in an effort to stabilize the test within spe- 

cific groups if it were possible to do so. Groups 

of cities in which tests were made are as follows: 

1. All 58 cities. 

2. 27 cities under 50,000 inhabitants. 

3. 23 cities of 100,000 inhabitants or more. 

4. 13 cities in northeastern U. S. 

5. 16 cities in north central U.S. 

6. 29 cities in northeast and north central U.S. 

Reliability of Estimate 

The best adjusted standard error obtained indi- 

cated unsatisfactory results (—37 to +59 percent) 

for all 58 cities regardless of factors used (table 

6). Only slightly better results were obtained for 

the group of cities of 100,000 inhabitants and 

over (—29 to +41 percent). Best results were 

obtained when only the 27 cities under 50,000 in- 

habitants were used. 

* Trial and elimination of factors indicated that 

this was the best grouping of cities, and that (1) 

the cordon count of inbound traffic, 10 a.m. to 

6 p.m., (2) total number of parking spaces in 

the central business district, and (3) number of 

employees in retail and service trades produced. 

the most satisfactory adjusted standard error 

(—16 to +19 percent). This means that an 

equation using these three variables will have 

about two chances out of three of being within 

the range of —16 to +19 percent of the parking 

volume determined from actual field observations. 

Factors showing the closest relation to parking 

volume were found to be: 

1. Total number of available parking spaces 

in the central business district. 
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2. Inbound vehicle cordon count 10 a.m. to 6 

p.m. 

3. Number of employees in retail and service 

trades. 

4. G.A.F. sales. 

5. Gasoline’service station sales. 

6. Urban area population. 

Although a significant relation seems to exist 

between the parking demand and most of the 

factors tested, as is indicated by the standard 

error, nevertheless the variation in the original 

set of data cannot be entirely explained by these 

factors alone. It is apparent that factors other 

than those tested also influence parking volumes 

found in the central business district. Data for 

these other factors such as use of mass transit 

8 

facilities to the central business district, proxim- 

ity to other cities, and volume of parking in 

neighborhood and suburban shopping centers are 

not so generally available, cannot be measured in 

quantitative manner, or cannot be obtained from 

other sources. 

Census information for dollar volume of retail 

sales and employment are available only for the 

entire urban area which is not, of course, an 

exact measurement of activity of the central busi- 

ness district. Then, too, data which have been 

used do not represent the same time periods. 

Census years are spread from 1947 for census of 

manufactures, 1948 for census of business, to 1950 

for the census of population, and the parking 

studies were made between 1945 and 1952. Such 

Table 5.—G.A.F. sales and parking volumes in 58 cities in which comparable parking 
studies have been made 

Volume of retail sales Number of parkers 1 

City Urbanized 
and area eats 

: Percent Per million 
State population Total G.A.F. of Total dollars of 

total G.A.F. sales 

Thousands Millions Millions Percent Thousands 
SOU ISS eM Oss 1,400.0 $987.7 $357.5 36.2 70.5 197 
Cleveland, Ohio -___-_______ 1,383.6 1,178.2 390.1 33.1 64.7 166 
Baltimore; Md.sce—2 = Ses ee 1,161.8 1,052.9 369.7 35.1 40.7 110 
Seatclem Wash eee oa See 621.5 613.7 212.2 34.6 44.3 209 
Providence; Re T.2.- 2. 583.3 328.4 109.6 33.4 28.2 257 

Dallas leXxas soa - 2. Se Se 538.9 621.9 234.0 37.6 59.2 253 
Portland .<Oreg. se 2 ee 512.6 574.8 200.2 34.8 47.4 237 
MOUISvIle; Keynes 472.7 A4l1.1 130.0 31.6 38.8 298 
Minm ieila se ste 7 Se 458.6 388.3 110.9 28.6 44,1 398 
Memphis; Tenn. = 406.0 461.8 179.9 39.0 28.6 159 

oledOmONiGz sa wee) 2 364.3 393.6 118.1 30.0 Bill 314 
rishaeeNenrssee = sees 8 310.3 308.5 90.8 29.4 33.8 372 
DIFACUSC NG emen = 2 265.3 290.2 90.2 Sls 26.4 351 
Rrehmond, Vases = 2 * ee 258.0 319.5 112.1 35.1 37.8 337 
New Haven, Conn.___.-_____ 244.8 206.0 63.5 30.8 15.9 250 

Jacksonville, Fla._______.___ 242.9 247.8 67.6 27.3 37.0 547 
Wachita,.Kansie== 22 = 194.0 201.6 61.5 30.5 44.5 724 
Spokane,s Wash... =— 176.0 198.0 60.0 30.3 82.7 545 
Harris bures bans ae 169.6 140.8 54.0 38.4 16.9 313 
Chattanooga, Tenn._________ 167.8 167.0 50.9 30.5 TaT 848 

Reading. Pa. 8 Stores 154.9 140.0 50.8 36.3 15.8 311 
Knoxvilles Penn=2--.7 2 20 3 148.2 174.8 61.6 35.2 10.7 174 
Bharlottcn Ne Ose ee ees 140.9 169.7 53.6 31.6 22.6 422 
Evansville, Ind._____________ 137.6 139.3 48.1 34.5 25.9 538 
ery pind srs we eee wees 133.9 140.4 48.3 34.4 13.0 269 

Corpus Christi, Tex._________ 122.9 123.2 34.5 28.0 16.6 481 
Allentown» Paves ee cess 106.8 142.1 55.6 39.1 14.6 263 
mincoln; (Nebriee= = 99.5 118.0 42.9 36.4 er 762 
Albuquerque, N. Mex._______ 96.8 114.9 32.2 28.0 21.8 677 
Wopekas Kans. <8 2 ee 89.1 92.0 28.4 30.9 34.9 1,229 

Rawtucket.s Re tee eee ee 81.4 89.6 26.9 30.0 10.2 379 
bynehburge.: Vase ae 47.7 60.1 18.0 30.0 13.5 750 
Anderson, Ind:222--2- =e) =e 46.8 61.3 17.6 28.7 6.7 381 
Wake Charles.) lames. 222518 41.3 44.6 13.4 30.0 9.7 724 
EOLOMOe TN dimen oe eee a 38.7 44.5 11.9 26.7 9.5 798 

MONT OG! lia = sae et ew 38.6 62.7 20.1 32.1 9.6 478 
Norristown Pa =) eee 38.1 43.9 14.8 33.7 10.7 723 
ASTON whale se sea) et ee 35.6 58.2 21.4 36.8 aa ys 547 
Aiexandriay (a. eo as soe 34.9 46.8 15.2 32.5 7.9 520 
Boise* [Idaho wae we es 34.4 65.6 20.6 31.4 ipsa 830 

| 

RLONO Never see ee a ae 32.5 71.9 18.5 25.7 21.5 1,162 
Roswell, Ni: Mex, 255." 25.7 32.0 Tani 24.1 12.4 1,610 
Walla Walla, Wash.______ 24.1 41.4 10.6 25.6 10.0 943 
Pottstown, Passe eet ee 22.6 33.7 9.0 26.7 10.6 1,178 
Wniontown;'Pa.2 se aa! 20.5 54.7 19.1 34.9 11.4 597 

Anderson, SAC jee eee 19.8 34.6 LT 33.8 11.3 966 
Meadville, Pa... = 19.0 33.4 8.9 26.6 9.8 1,101 
Portsmouth, N. H.________ | 18.8 23.2 5.0 21.6 4.8 960 
Columbus, Und 2 ee er ase 18.4 23.6 5.6 23.7 (et 1,375 
ClovisiN: Mex, Sass at 7 bee 17.3 24.2 5.6 23.1 9.9 1,768 

Martinsville, Va. _ eae eee Lie 21.4 6.7 31.3 5.3 791 Stevens Point, Wis._________ 16.6 18.4 5.8 31.5 5.6 966 West Chester, Paris sere 15.2 29.0 6.3 yay 6.5 1,032 Huntington, Ind._.__________ 15.0 19.7 4.4 22.3 6.3 1,482 Mrankfortyind.e ee eek 15.0 19.8 8.7 18.7 5.3 1,445 

Wabash nd, see neers. 10.6 13.1 2.2 16.8 5.8 2,636 MeymMour ind. aoe ke a 9.6 15.6 3.0 19.2 4.1 1,367 DWecstureind..22~ e. sees 7.8 10.1 1.4 13.9 2.9 2,071 

+ Actual observed number for period 10 a.m.-6 p.m. from parking study reports. 
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disparity in time periods can scarcely be avoidec 

under present conditions, since no other data are. 

available having common base years. a 

Multiple Correlation Analysis 

Three factors, inbound cordon count of vehicles, — 

number of parking spaces, and number of em- 

ployees in retail and service trades for cities 

under 50,000 population, were used in a formula 

most satisfactorily for all groups tested to pro- 

duce an estimate of probable parking volumes. 

This estimate in terms of average parking accu- 

mulation, which is the average number of vehicles 

parked at any one time in the central business 

district, can be expanded to daily parking volumes — 

by the known percentage relation existing between — 

average accumulation and daily parking volume. 

The formula used for estimating the volume of 

parking in relation to traffic volumes, parking — 

spaces, and employment for cities of less than 

50,000 population is as follows: 

X = 2547 + 0.0125 X, + 0.0894 X; + 0.0362 X, 

Where: 

X = 1000 times the log of the average parking 

accumulation. 8 (X is a logarithmic number 

and is converted into the estimated number 

of parkers-by use of the logarithmic tables.) — 

inbound cordon count of vehicles, 10 am— Xa 

6 p.m. 

number of parking spaces in the central 

business district. 

Xe 

X, — 

trades. 

The average parking accumulation in percent 

of the daily number of parkers (10 a.m—6 p.m.) 

determined from the analysis of 65 studies, is as 

follows: 

Population group Percent 

Undere 25,000). 2s eee 12 

29,000-50:000 a es oA ea, 

50,000-100)000) = ee eee 16 

100,000-250,000 Sos oe a LS 

250,000-500,000 ae ee 

500,000-1,000,000 ___ SE) 

1,000;000%andtover =e 30 

The equation demonstrates this part of the analy- — 

sis and the results may be used for comparison 

with estimates made under the rank-size and — 

G.A.F. sales ratio methods for the smaller cities. 

Comparison of Analyses 

Each of these three methods appeared to offer 

possibilities for estimating parking volumes. A 

comparison of estimates made by each of these 

three methods was made for 8 cities where com- 

parable parking studies have been made, and 

where results have been reported since the ar..:fy- 

sis of the reports from the 58 cities was completed. 

In 6 of these 8 cities sufficien! data have been re- 

ported to make an estimate by means of the 

formula, and in 5 of the 6 cities estimates were _ 

within 15 percent of actual of served volumes. An 

average of the estimates made independently by — 

each of the three methods was within 14 percent 

of actual observed parking volumes in all of the 

cities, and in 5 of the 8 cities estimates were 

8 Adjusted to 1948 by using a straight-line relation = 
based on the population change in a particular city 
from 1940-50. 
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Table 6.—Summary of adjusted standard error in percent for each of the 
groups of factors tested 

Adjusted 
standard 

error 

Number 
Solving for— of 

cities 

ALL CITIES 

DOP elie woo 

Daily number of parkers per million dollars of G.A.F. sales__ 
Daily number of parkers, unadjusted______________________ 58 
Average daily parking accumulation, adjusted to 1948 _____ 

—37 to 59 
—A42 to 73 

CITIES UNDER 50,000 INHABITANTS 

ge cS 

ee 

. 

for) - 

- = So 

— a 

BAGH OysoaAwW & beat 1 G0 G0: Fat bet at bait et 2 SO SISO m DO 

J 

. see a ou 

Daily number of parkers per million dollars of G.A.F. sales __ 27 —27 to 37 
SERS p54 Paral 0 aS i ae a tin ee ee 27 —26 to 36 
Daily number of parkers, unadjusted______________________ 27 —24 to 34 
ee ES Woe, U3 PRIN Aen oe BRD A lal uae Geogr eee ae 27 —27 to 37 
a aA Ci Vay SS ee ee ee Na EI ay rate ee, Sy de le 27 —27 to 87 
2 SOP Ea es gape Ci CG) a eee Se Os ee ora SY Ob Os eh et = Re ee ae 27 —27 to 87 
Daily number of parkers, adjusted to 1948__________________ 27 —24 to 32 
Average daily parking accumulation, adjusted to 1948 ______ 27 —21 to 26 
a eyo (faye he A eae Pe) ot Nees Set bt 5 he cena ew Nie an ae eae BP 2 —22 to 28 
ont eee’ Te CO re ee a ee ee eee nee 27 —16 to 19 

Qha<cHn 

CITIES IN NORTHEAST AND NORTH CENTRAL UNITED STATES 

DD [ss 16 | Average daily parking accumulation, adjusted to 1948_______ 29 —22 to 28 

CITIES BELOW THE AVERAGE CURVE 2 

H 1. 5 | Daily number of parkers, unadjusted____________________ 17 —35 to 55 

1 For a list of factors tested, refer to items numbered 1-17 on page 255. 
2 Adjusted standard error is 366 parkers per million dollars of G.A.F. sales. 
3 Refer to figure 3, page 255. 

Table 7.—Comparison of estimates and actual observed number of parkings 

_ within 7 percent of actual observed 

~ (table 7). 

The following example is illustrative of the 

Estimated number of parkers from— 
City Year Observed | Average estimate 
and of Population number of in percent 
State study Rank Gea Een tormula Average| barkers of total 

size sales 

Thousands : Percent 
Ogden, Utah_______ 1952 57.1 18,100 15,800 24,100 19,300 18,548 104 
Lexington, Ky.____- 1952 55.5 18,100 22,100 () 20,100 21,641 93 
Norristown, Pa. -___-_. 1949 38.2 10,500 11,100 11,850 11,150 10,660 105 
Steubenville, Ohio__ | 1952 85.7 10,500 10,200 @) 10,350 11,979 87 

Bristol, Va.-Tenn.__ | 1950 32.7 9,900 10,500 9,300 9,900 8,864 TW 
Fond du Lac, Wis.-_| 1950 29.9 9,800 8,960 9,430 9,400 10,893 86 
Butler eas == 1951 23.5 9,650 11,985 12,417 11,350 11,812 96 
‘Coatesville, Pa._____ 1951 13.8 5,200 5,650 6,742 5,860 6,246 94 

1 Insufficient data received. 

volumes methods used in making estimates using the city 

of Bristol as an example. The twin city of Bris- 

tol is located on the Virginia-Tennessee State line, 

PUBLIC ROADS e Vol. 27, No. 11 

. 9,300 parkers. 

has essentially one business district, and a com- 

bined population of 33,000 persons. It is located 

on the Norfolk and Western Railroad, and U. S. 

Highway No. 11 passes through, connecting east- 

ern Tennessee with the northeastern States. It is 

on the edge of the Great Smoky National Park, an 

area of increasing recreational importance, and 

on the edge of eastern Tennessee which has grown 

industrially with the power developments of the 

Tennessee Valley Authority. Considerable diver- 

sification in manufacturing for a city of this size 

is reported. The proximity of Kingsport and 

Johnson City within a 25-mile distance to the 

south and west tends to reduce the normal trading 

area in these directions. 

Bristol has a retail trade-manufacturing em- 

ployment ratio of 1:2.0 which is typical of a 

group IV city (see figure 1 and table 2). Employ- 

ment per 100 population of 31 percent is also 

typical of a group IV city, but the percentage in- 

crease in population of 38 percent is more nearly 

typical of a group II city. The percentage of 

employment in service trades of 7.5 percent is 

also typical of group IV cities, so it seems rea- 

sonable to consider Bristol as being included in 

this group. 

Bristol ranks between 40th and 41st with re- 

spect to population, and between 38th and 39th 

with respect to G.A.F. sales. With 5,644 persons 

employed in manufacturing, it would rank be- 

tween 35th and 36th for this factor which is about 

five places higher than population, a pattern sim- 

ilar to the rank-size patterns of the cities in group 

IV. This confirms the assumption that Bristol 

appears to be similar to a group IV city. In this 

group parking has a.ranked position of about one 

position lower than population, and thus Bristol 

would be expected to have a rank in parking of 

41.5 (40.5+1). This would mean that in figure 

2 an estimated 9,900 daily parkers could normally 

be expected. 

For the second type of estimate based on G.A.F. 

sales data, modest dominance in manufacturing 

together with proximity to Kingsport and John- 

son City suggests lower than average retail sales. 

If we assume 675 parkers per million dollars of 

G.A.F. sales (fig. 3) which is about half way be- 

tween the average city and a dominant industrial 

city, and knowing that Bristol has an annual G.A.F. 

sales volume of $15.5 million, it is estimated that 

there would be 10,500 daily parkers in Bristol. 

By formula the estimate is computed to be 

The actual study showed that 

8,864 parkers were observed. The formula esti- 

mate was less than 5 percent greater than the 

observed volume, and the average of all three 

estimates was within 12 percent of the actual 

volume. Average estimates for some of the other 

cities were closer to observed volumes, and for- 

mula estimates were not uniformly the closest 

(table 7). 

Summary 

The findings of this study have not been pre- 

sented with the idea that a definite and unqualified 

basis for making estimates of parking volumes is 

now available. They are presented rather to in- 

dicate that it should be possible to make a rela- 

tively quick appraisal of probable parking re- 

quirements for the central business district as a 
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whole. If origins and destinations of parkers are 

needed for the planning of specific highway or 

parking facility improvements, then more detailed 

information must be obtained by other means. 

The three types of analyses indicate that some 

basic relations seem to exist between parking 

volumes and the basic economy of the community, 

and that the average of the estimates of parking 

made by the various methods can be used with 

Standard Plans for Highway Bridge Superstructures: a new publication 

The Bureau of Public Roads has just published 

Standard Plans for Highway Bridge Superstruc- 

tures, in which are presented standard plans pro- 

viding complete details for various types of super- 

structures for highway bridges. The publication 

_ s for sale by the Superintendent of Documents, 

U. S. Government Printing Office, Washington 25, 

D. C., at $1.00 a copy. 

Standard Plans for Highway Bridge Superstruc- 

tures is intended to serve as a useful guide to 

State, county, and local highway departments in 

developing designs for bridges of adequate 

strength and economical proportions on primary, 

secondary, and urban highways. The plans should 

be particularly valuable to the smaller highway 

departments with limited engineering staffs. 
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reasonable assurance of reliability. Before any 

extensive use can be made of the estimates for 

specific locations, however, studies should be made 

to demonstrate how the estimates can be used in 

relation to parking habits and current land and 

building usage. A further conclusion may be in- 

ferred. If these relations exist between the volume 

of parking in the central business district and 

the size of a city, and the amount of retail trade 

Included in the several series of drawings are 

detailed plans for I-beams, riveted deck plate 

girders, welded deck plate girders, reinforced 

concrete slabs, reinforced concrete T-beams, rein- 

forced concrete box girders, post-tensioned pre- 

cast reinforced concrete deck girders, and precast 

One series of 

I-beam spans involves 3-span continuous units. 

reinforced concrete deck girders. 

All other types of spans are simply supported. 

One series of simply supported I-beam spans is 

designed for composite action. The design of the 

reinforced concrete slab spans has been based on 

participating curbs, 

Designs are included for two widths of roadway, 

24 feet and 28 feet. The span lengths for the 

simply supported structures range from a mini- 

' oe Oe %- ; Ei 

2 

and certain kinds of employment, then similar 

relations must exist with respect to travel since — 

parking is directly related to travel in that | 

vehicles are parked at the end of each trip. The 

application of such relations with respect to : 

urban travel appears to be of much greater sig- 

nificance because entire urban areas must be con- 

sidered which involves the movement of vehicles” 

rather than their parking. 

mum of 20 feet to a maximum of 140 feet. The 

3-span continuous units vary from 130 feet to 260 

feet in overall length, with the end spans having 

a length 80 percent of the center span. The 

ranges in span lengths are based on the economy 

and suitability of the different types of super- 

structures. The live load capacity for all types 

of superstructures is H15-44 for 24-foot roadway — 

widths and H20-S16-44 for 28-foot roadway widths, 

with the exception of the precast reinforced con- 

crete deck girder spans which are designed for a 

loading of H15-S12-44. 

All of the designs are in accordance with the 

“Standard Specifications for Highway Bridges,” 

adopted by the American Association of State 

Highway Officials in 1953. 
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addressed to Bureau of Public Roads, Wash- 

ington 25, D. C. 

The following publications are sold by the Superintendent 

of Documents, Government Printing Office. Washington 25, 

D. C. Orders should be sent direct to the Superintendent of 

Documents. Prepayment is required. 

‘ A list of the more important articles in 

; PUBLIC ROADS may be obtained upon request 

' 

ANNUAL REPORTS 

| Work of the Public Roads Administration: 

1941, 15 cents. 1948, 20 cents. 

1942, 10 cents. 1949, 25 cents. 

Public Roads Administration Annual Reports: 
' 1943; 1944; 1945; 1946; 1947. (Free from Bureau of Public Roads) 

Annual Reports of the Bureau of Public Roads: 
1950, 25 cents. 1951, 35 cents. 1952, 25 cents. 

HOUSE DOCUMENT NO. 462 

Part 1—Nonuniformity of State Motor-Vehicle Trafic Laws (1938). 
15 cents. 

Part 2.—Skilled Investigation at the Scene of the Accident Needed to 
Develop Causes (1938). 10 cents. 

Part 3.—Inadequacy of State Motor-Vehicle Accident Reporting (1938). 
10 cents. 

Part 4.—Official Inspection of Vehicles (1938). 10 cents. 

Part 5.—Case Histories of Fatal Highway Accidents (1938). 10 cents. 

Part 6.—The Accident-Prone Driver (1938). 10 cents. 

UNIFORM VEHICLE CODE 

Act [Uniform Motor-Vehicle Administration, Registration, Certifi- 
cate of Title, and Antitheft Act (1945). 15 cents. 

Act I.—Uniform Motor-Vehicle Operators’ and Chauffeurs’ License 
Act. 15 cents. (revised 1952) 

Act I1l—Uniform Motor-Vehicle Civil Liability Act (1944). 10 cents. 

Act IV.—Uniform Motor-Vehicle Safety Responsibility Act. 15 cents. 
(revised 1952) 

Act V.—Uniform Act Regulating Traffic on Highways. 20 cents. (re- 
vised 1952) 

Model Traffic Ordinance. 20 cents. (revised 1952) 

MAPS 

State Transportation Map series (available for 39 States). Uniform 
sheets 26 by 36 inches, scale 1 inch equals 4 miles. Shows in colors 
Federal-aid and State highways with surface types, principal con- 
necting roads, railroads, airports, waterways, National and State for- 
ests, parks, and other reservations. Prices and number of sheets for 
each State vary—see Superintendent of Documents price list 53. 

United States System of Numbered Highways together with the Federal- 
Aid Highway System (also shows in color National forests, parks, 
and other reservations). 5 by 7 feet (in 2 sheets), scale 1 inch equals 
37 miles. $1.25. 

United States System of Numbered Highways. 28 by 42 inches, scale 1 
inch equals 78 miles. 20 cents. 

PUBLICATIONS 
of the Bureau of Public Roads 

MISCELLANEOUS PUBLICATIONS 

Bibliography of Highway Planning Reports (1950). 30 cents. 

Construction of Private Driveways, No. 272MP (1937). 10 cents. 

Electrical Equipment on Movable Bridges, No. 265T (1931). 40 
cents. 

Factual Discussion of Motortruck Operation, Regulation, and Taxa- 
tion (1951). 30 cents. 

Federal Legislation and Regulations Relating to Highway Construction 
(1948). Out of print. 

Financing of Highways by Counties and Local Rural Governments, 
1931-41. 45 cents. 

Highway Accidenis (1938). 10 cents. 

Highway Bond Calculations (1936). 10 cents. 

Highway Bridge Location, No. 1486D (1927). 15 cents. 

Highway Capacity Manual (1950). 65 cents. 

Highway Needs of the National Defense, House Document No. 249 
(1949). 75 cents. 

Highway Practice in the United States of America (1949). 75 cents. 

Highway Statistics (annual) : 
1945, 35 cents. 1948, 65 cents. 
1946, 50 cents. 1949, 55 cents. 
1947, 45 cents. 1951, 60 cents. 

Highway Statistics, Summary to 1945. 40 cents. 

Highways in the United States, nontechnical (1951). 15 cents. 

Highways of History (1939). 25 cents. 

Identification of Rock Types (1950). 10 cents. 

Interregional Highways, House Document No. 379 (1944). 75 cents. 

Legal Aspects of Controlling Highway Access (1945). 15 cents. 

Local Rural Road Problem (1950). 20 cents. 

Manual on Uniform Traffic Control Devices for Streets and Highways 
(1948). 75 cents. 

Mathematical Theory of Vibration in Suspension Bridges (1950). $1.25. 

Principles of Highway Construction as Applied to Airports, Flight 
Strips, and Other Landing Areas for Aircraft (1943). $2.00. 

Public Control of Highway Access and Roadside Development (1947). 
35 cents. 

Public Land Acquisition for Highway Purposes (1943). 10 cents. 

Results of Physical Tests of Road-Building Aggregate (1953). $1.00 

Readside Improvement, No. 191MP (1934). 10 cents. 

Selected Bibliography on Highway Finance (1951). 55 cents. 

Specifications for Construction of Roads and Bridges in National For- 
ests and National Parks, FP-41 (1948). $1.50. 

Taxation of Motor Vehicles in 1932. 35 cents. 

Tire Wear and Tire Failures on Various Road Surfaces (1943). 10 cents. 

Transition Curves for Highways (1940). $1.50. 

Single copies of the following publications are available to 

highway engineers and administrators for official use, and 

may be obtained by those so qualified upon request addressed 

to the Bureau of Public Roads. They are not sold by the Super- 

intendent of Documents. 

Bibliography on Automobile Parking in the United States (1946). 

Bibliography on Highway Lighting (1937). 

Bibliography on Highway Safety (1938). 

Bibliography on Land Acquisition for Public Roads (1917). 

Bibliography on Roadside Control (1949). 

Express Highways in the United States: a Bibliography (1915). 

Indexes to Pustic Roaps, volumes 17-19 and 23. 

Title Sheets for Pusiic Roaps, volumes 24, 25, and 26. 
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